











The phylogeny of the Angiosperms 
DouGLas HouGHTON CAMPBELL 
(WITH THREE TEXT FIGURES) 


It is superfluous to state that the origin and interrelation- 
ships of the Angiosperms present problems whose final solution, 
if ever attained, must lie in the distant future. Nevertheless 
it may be worth while to examine the most recent contri- 
butions to the subject'—as some of these are of great im- 
portance—, and to compare the very divergent theories offered 
to explain the origin of the Angiosperms and their subsequent 
evolution. 

Of course it is clear that any attempt to explain the ancestry 
of the Angiosperms is necessarily largely hypothetical and 
involves the much disputed question as to whether they are 
strictly monophyletic, or whether there are several independent 
phyla, or at any rate separate lines of descent extending further 
back than any record at present available. 

There is an increasing tendency to assume a polyphyletic 
origin for the Angiosperms, and it seems much more likely that 
the ‘family tree’ will prove to be a much branched shrub, with 
sundry outlying suckers spreading from its roots. The very 
interesting discovery (Thomas, 27) in the Jurassic, of fructifi- 
cations which may be called angiospermous, but which differ 
radically from any known Angiosperms, either recent or fossil, 
suggests that some of the existing phyla may also have had a 
quite independent origin. 

The assumption of some ideal floral type from which all 
others have been derived still has its advocates, but it is likely 
that most students of floral evolution will be inclined to look 
for a polyphyletic origin for the larger groups of Angiosperms. 
This conclusion seems justified both from a morphological 
study of living types, and from the geological evidence. 

It is true that the geological record is still very incomplete; 
but with the discovery of new fossil types, and a more thorough 
investigation of material already at hand, very substantial 
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progress is being made in the history of fossil Angiosperms. 

The most recent advocate of the monophyletic origin of the 
Angiosperms is Mr. J. Hutchinson (12), Assistant at the Kew 
Herbarium. He aims to present a new classification of the 
Dicotyledons, based on phylogeny. He defends the Bentham 
and Hooker system as more nearly representing genetical 
relationships than does the system of Engler, which is now in 
general use in the United States. However, he has to admit 
very obvious defects in the former system. 

Hutchinson assumes that the primitive angiospermous 
flower was bisporangiate, apocarpous, and with a petaloideous 
perianth—a type closely resembling the existing Magnoliaceae 
and Ranunculaceae— and from such a floral type he would 
derive all others. The apetalous and diclinous orders are sup- 
posed to be reduced from petaloideous and bisporangiate 
ancestors. Thus the orders considered as most primitive in the 
Engler classification are, according to Hutchinson’s view, the 
ends of series originating with the Magnoliales and Ranales. 

Diverging at a very early period, Hutchinson recognizes 
two great series of Dicotyledons. One of these is made up 
principally of trees and shrubs, and is traced back to the 
Magnoliales; the second series, predominantly herbaceous, 
begins with the Ranales. Where, as in the Compositae and 
Umbelliflorae, both woody and herbaceous genera are found, 
Hutchinson reaches the remarkable conclusion that these have 
arisen quite independently in the two great series; i.e., there 
exist within a single order, as generally recognized, genera which 
are not genetically related, but have developed independently 
as the end members of two widely separated lines of evolution. 
It hardly seems likely that this conclusion will be accepted with- 
out much more evidence than at present is offered by Mr. 
Hutchinson. 

The interrelationships of the 76 orders of Dicotyledons 
recognized by Hutchinson are graphically shown in a very 
ingenious diagram. While many of these relationships will be 
accepted readily by most taxonomists, it is very doubtful 
whether they will be equally ready to subscribe to some of the 
others. 


Another well-known British botanist, Dr. A. B. Rendle (22) 
also has recently published a work covering much the same 
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ground as that of Hutchinson, but differs widely from him in 
regard to the classification of the Dicotyledons. With slight 
modifications Rendle adopts the classification of Engler in the 
Natiirlichen Pflanzenfamilien. He makes some changes in 
terminology and in the sequence of the orders, some of which 
are subdivided; but the changes for the most part are of minor 
importance. He agrees with Engler in considering the apetalous 
orders—e.g, Salicales, Piperales, etc.—-not only as the simplest, 
but as the most primitive, and not closely related to the peta- 
loideous orders. 

Hutchinson's views are influenced strongly by Arber’s (1) 
interesting papers on the origin of Angiosperms, and also by 
the earlier work of Bessey (4), who, like Arber, assumes a 
monophyletic origin for the Angiosperms. Arber’s papers were 
inspired by the remarkable discoveries of the ‘flowers’ of the 
fossil Bennettitales (Cycadeoideae), especially Wieland’s (29, 
30) brilliant investigations on the wonderfully preserved 
fructifications of these plants from the Mesozoic formations of 
the Black Hills in Wyoming and South Dakota. 

Arber concluded that the Cycadeoids were more nearly 
related to Angiosperms than to the true Cycads, and that the 
‘flower’ was really homologous with the flower (‘anthostro- 
bilus’) of the primitive Angiosperms; but did not claim that 
the latter are directly descended from Cycadeoids, but that the 
two have developed from a common stock. 

Arber’s papers were published before the discovery of the 
remarkable Cycadeoids, Williamsoniella and Wiéielandiella,* 
which much more nearly approach, in the structure of the 
‘flower’, the simpler Polycarpicae. Unlike the Cycadeoids of 
the lower Cretaceous, whose habit was much like that of the 
true Cycads, these forms had slender forking stems and small 
scattered leaves. Wieland (30) believes the Dicotyledons may 
have come from forms resembling these, and may have existed 
as far back as the Permian. He says: 


From the Carboniferous to the Cretaceous there is, then, a great and 
cosmopolitan Cycadeoid group, with simple, sparsely inserted leaves. This 
group is especially abundant in the Rhaetic, a period of marked change in 
plant alignment. 


? Thomas (26), Pontonié (20). 
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Wieland holds that the development of numerous nearly 
parallel stocks is much more likely than a ‘dichotomizing’ 
common stock from comparatively recent ancestors. He also 
believes that many supposed homologous structures are really 
homoplastic. 

Arber proposes the name ‘Hemi-angiosperms’ for an hypo- 
thetical groupof Mesozoic plants from which all fossil and recent 
Angiosperms have been derived. The flower (‘pro-anthostro- 
bilus’) was similar to that of the Cycadeoids, but not derived 
directly from it. The ‘pro-anthostrobilus’ (figure 1,/) is con- 
ceived as a strobilus subtended by several series of perianth 
leaves, above which were several series of microsporophylls 
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Fig. 1. J. Structure of the ‘proanthostrobilus’ of a ‘hemi-angiosperm.’ 


2. Flower (anthostrobilus) of a primitive Angiosperm—after Arber and Parkin. 


with numerous synangia, and finally a terminal group of leaf- 
like ‘carpels’ with numerous marginal macrosporangia, these 
carpels being more reminiscent of the true Cycads than of the 
Cycadeoids. 

It is clear that both Arber and Hutchinson subscribe to the 
long accepted dogma that all the floral organs are ‘metamor- 
phosed’ leaves, a view hard to reconcile with what is now known 
as to the nature of the spore-bearing organs of the most ancient 
vascular plants. 

Arber admits the great difficulties involved in passing from 
the hypothetical pro-anthostrobilus to the flower of the Rana- 
lean type, from which he assumes all other floral structures have 
been derived. He believes the primitive Angiosperms were 
entomophilous and that entomophily was a very early and most 
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important factor in the origin of Angiosperms; indeed he thinks 
it may have originated with Hemi-angiosperms. 

The assumption that the primitive Angiosperms had flowers 
of the Ranalean type, such as Magnolia, and that all other 
floral types are derivatives of this, is pure hypothesis, and based 
almost entirely upon a comparison of existing genera, largely 
ignoring the geological evidence, which is far from being in 
accord with such an hypothesis. 

That Magnoliaceae did exist in the Cretaceous seems to be 
certain; but the earliest known Angiosperms, from the lower 
Cretaceous, are almost without exception apetalous genera, 
like Populus and Ficus, or Monochlamydeae with inconspicu- 
ous, and presumably wind-pollinated flowers. If we accept 
Hutchinson's conclusions that these early types are descended 
from a long line of petaloideous ancestors, we must believe 
that in the lower Cretaceous, and presumably in the Jurassic, 
there existed the petaloideous ancestors of these lower Cretace- 
ous Apetalae. Since at present no traces of these alleged ancest- 
ral types are known (unless we accept the Cycadeoideae as 
such) either associated with the lower Cretaceous Angio- 
sperms, or in earlier formations, it is fair to conclude that they 
did not exist. 

While the geological record is admittedly very incomplete, 
there is no question of the existence of Angiosperms in the lower 
Cretaceous. The earliest of these in the United States are from 
the Patapsco formations of Maryland and Virginia. Of these 
Knowlton (13) says: 


These are not only the cldest unquestioned plants of this group (Angio- 
sperms) known in North America but they have been found to be as old as, 
if not older than, any similar plants found elsewhere in the world. 


Sixteen families are represented, all of which are either 
apetalous, or have insignificant, often diclinous flowers; in 
short, all of the oldest known Dicotyledons were almost cer- 
tainly wind-pollinated. 

That entomophilous flowers could hardly have existed be- 
fore the Cretaceous is indicated by what is known of the insects 
of the Jurassic (Handlirsch, 11), where the highly specialized 
flower-haunting insects, like the bees and butterflies, seem to 
have been quite absent. All of the known early fossil insects 
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are very primitive in character, and there is little reason to 
believe that they were adapted to the pollination of flowers. 

It is quite possible that casual visits of some of these primi- 
tive insects may have been the beginning of the entomophilous 
habit which has played such an outstanding réle in the evolution 
of both Angiosperms and insects, and by the end of the Cretace- 
ous, it is clear that entomophily was well established, although 
for some reason, the insects of the Cretaceous are less known 
than those of the Jurassic. 

Wettstein (28) quotes from an interview he had with 
Handlirsch: 


From the Jurassic, Lepidoptera are known, but only forms with no pro- 
boscis, and which could not have been flower visitors. Diptera are abundant, 
but of types which either do not visit flowers, or only very exceptionally. None 
of the Jurassic Hymenoptera had the mouth parts adapted to sucking honey. 


Considering what is known of the geological history of the 
Angiosperms it is hardly likely that Mr. Hutchinson will con- 
vert many botanists to his views. 

In the introduction to the Angiosperms, in the new edition 
of the Natiirlichen Pflanzenfamilien, Engler (9) has treated at 
some length the question of the origin of the Angiosperms. He 
does not accept Hutchinson’s hypothesis of the derivation from 
Cycadeoideae, nor Wettstein’s theory of a direct derivation 
from forms related to the existing Gnetales. He therefore feels 
it necessary to assume the existence during the Mesozoic of an 
extensive complex of forms having many of the characters of 
the living: Angiosperms, from which the latter have been 
derived. To this hypothetical group he gives the name Pro- 
tangiosperms. 

From the Protangiosperms it is assumed that numerous 
independent lines of Angiosperms arose, some being Mono- 
cotyledons, others Dicotyledons. Engler thinks it very un- 
likely that any of the existing phyla are descended from any 
other existing forms, but the main groups, or phyla, of living 
Angiosperms are to be considered rather as parallel lines of 
evolution originating independently from Protangiosperms. 
He makes the very interesting suggestion that a change (muta- 
tion?) in a single individual among many millions, might very 
well appear in a similar, if not identical, form in other indi- 
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viduals, thus giving rise to different races which would have 
much in common, but could hardly be traced back to a common 
ancestral form. 

During the Jurassic the floras of all parts of the world were 
remarkably similar, and it may be inferred that the ancestors 
of the Cretaceous and Tertiary Angiosperms, whatever they 
may have been, were also widespread, and from these arose 
various independent phyla. 

There is evidence that during this period there was a more 
or less complete separation of the main land-masses of the 
northern and southern hemispheres, such as occurred during 
the Permian, and perhaps the marked differences between the 
existing boreal and austral floras may have begun at this time. 
Thus the pines, firs, spruces, and most of the amentiferous 
trees, are essentially boreal, while the Araucarias, Podocarps, 
Proteaceae and Myrtaceae belong mainly to the southern 
hemisphere. Such isolated orders as the Salicales and Fagales 
of the northern hemisphere, and the Proteales, equally char- 
acteristic of the southern hemisphere, might be cited. 

Engler predicates for his Protangiosperms the following 
characters: Bisporangiate flowers, with rudimentary perianth, 
or none; anemophilous; microsporangium opening by means of 
an endothecium; megasporangium with or without an integu- 
ment, either basal or marginal in position; female gametophyte 
of the typical 8-nucleate type, the egg-apparatus homologous 
with an archegonium; embryo either monocotyledonous or 
dicotyledonous; the sporophyte with either open or closed 
bundles. 

The absence from Mesozoic strata of fossils which can be 
interpreted as Protangiosperms is explained both by the diffi- 
culty of identifying seeds and wood, which might be attributed 
to true Angiosperms, and the fact that a large number of 
Protangiosperms are believed to have been herbaceous plants 
which were poorly fitted to leave recognizable fossil remains. 
It is not believed that these herbaceous types have given rise 
to the woody Dicotyledons of the lower Cretaceous, but the 
latter are assumed to be descended from woody Protangio- 
sperms. 

Since the earliest known Angiosperms from the lower 
Cretaceous are clearly related to existing genera, and indeed 
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apparently in many cases actually belong to these, it is clear 
that there must have existed true Angiosperms in older for- 
mations; and Engler suggests that these may have originated 
in some, as yet, unexplored formations in the Tropics. 

The primitive Monochlamydeae of the lower Cretaceous 
are not considered to be the direct ancestors of the Dialypetalae, 
but the latter are derived from other ancestral forms which were 
contemporaneous with the ancestral Monochlamydeae and 
Apetalae. 

Engler admits the possibility that the diclinous condition 
in such orders as the Fagales and Salicales may be secondary, 
but does not believe they are reduced from petaloideous 
ancestors. He also thinks it possible that even in the Pro- 
tangiosperms some forms may have had coherent carpels. 
Among existing Angiosperms he cites the Pandanales as closely 
approximating his hypothetical Protangiosperms. 

The conclusion is reached that, while within certain phyla 
of the Angiosperms the relationships are unmistakable, and one 
might, in a sense, trace them back to a common ancestor, the 
attempt to decide from what ancient group the Angiosperms as 
a whole are descended, must remain for the present, at least, 
purely hypothetical. While the Cycadeoideae offer a tempting 
comparison with the flower of certain Angiosperms, the attempt 
to homologize the sporophylls of the Cycadeoids with the 
carpels and stamens of the Angiosperms presents such great 
difficulties as to make any real relationship extremely un- 
likely. Engler finally suggests that the Protangiosperms may 
have come from eusporangiate ferns, perhaps allied to the 
Ophioglossales. He calls attention to the vascular bundles of 
the latter which are very like those of the Angiosperms, both 
open and closed bundles being found in the order. One might 
also suggest that it would be much easier to derive the stamens 
of the Angiosperms from structures like the sporangiophores 
of the Ophioglossaceae than from the microsporophylls of the 
Cycadeoideae. 

Wettstein (28) assumes a direct derivation of the Angio- 
sperms from Gymnosperms, but instead of seeking a connection 
with the extinct Cycadeoideae, he sees in the Gnetales the 
nearest living relatives of the ancestors of the Dicotyledons. 
The flower of the Angiosperms is interpreted, not as a strobilus 
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(anthostrobilus) derived from the ‘flower’ of the Cycadeoids, 
but as an inflorescence, comparable to that of the living Gne- 
tales, and Wettstein holds that the flower of the most primitive 
Dicotyledons corresponds to an inflorescence in which the 
individual flowers are coherent (fig. 2). 

The peculiar order Verticillatae, comprising the single genus 
Casuarina, is held to be the most primitive of existing Dicoty- 
ledons, but is not related directly to any other order, and is 
assumed to have arisen independently from the Gnetales. How- 
ever, from a similar type of inflorescence, might have been 
derived the floral type of the other more primitive Monochla- 
mydeae. The perianth is homologous with the bracts sub- 
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Fig. 2. Diagrammatic representation of the derivation of bisporangiate 
and dialypetalous flowers from a Gymnosperm inflorescence—after Wettstein. 


tending the inflorescence, and opposite each is a single stamen. 
The next step in the evolution of the flower, according to 
Wettstein’s theory, is an increase in the number of stamens. 
Later, some of the stamens became transformed into petals, 
this being associated with the development of the entomophi- 
lous habit. 

The origin of the corolla from a transformation of stamens, 
rather than by a metamorphosis of perianth leaves, was first 
proposed by De Candolle, but this theory has not, perhaps, 
received from later writers the attention it deserves. While 
there are numerous examples of flowers in which the perianth 
is the showy part of the flower, as seen in many Monocoty- 
ledons, and in some Dicotyledons, in the Dialypetalae it is 
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much more likely that the corolla, at least, in most cases, is the 
result of a metamorphosis of the stamens. 

Wettstein holds that the primitive angiospermous flower 
was monosporangiate, the perianth homologous with a circle 
of bracts, each subtending a single stamen, each stamen repre- 
senting a reduced axillary flower, the four loculi of the anther 
in this typical flower resulting from the fusion of two bilocular 
stamens, such as occur in the staminate flower of Ephedra. In 
the megasporangiate flower the ovary is assumed to be formed 
by the union of two bracts, each subtending a single ovule, so 
that the primitive insertion of the ovules is basal, and not 
marginal. 

The origin of the bisporangiate flower is explained by the 
occurrence of a megasporangial flower at the apex of a staminate 
inflorescence, so that there is a terminal ovary with the sub- 
tending stamens (staminate flowers). Wettstein maintains 
that this interpretation of the flower as an inflorescence is more 
easily understood than that which considers it to be a strobilus. 

Wettstein points to the predominance of basal ovules in 
most Monochlamydeae as an indication that this is the primi- 
tive condition. He also points out the presence of vascular 
strands in the integuments of many Monochlamydeae, a 
condition common in many Gymnosperms. 

The interrelationships of the 17 orders of Monochlamydeae 
recognized by Wettstein are very obscure. As already stated, 
the Verticillatae, which he holds to be the most primitive, are 
not related to any other order, and the same is true of the 
Proteales, which with the Santalales constitute an entirely 
independent phylum. Four other primitive orders, Garryales, 
Salicales, Batidales and Piperales, are isolated types of un- 
certain affinities. The remaining orders are more or less related 
to each other, and from some of these the higher types of Angi- 
osperms have been derived. 

Twelve orders of Dialypetalae are divided into two groups, 
one connected with the Monochlamydeae through the Hama- 
melidaceae, the other having its nearest relations among the 
Monochlamydeae in the Tricoccae. It is thus clear that Wett- 
stein considers the Dialypetalae to have had a marked poly- 
phyletic ancestry, and this is still more marked in the Sympeta- 
lae (fig. 3). 
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Whatever the ancestors of the Angiosperms may have been 
—true Gymnosperms, ‘Protangiosperms’, ‘Hemi-angiosperms’ 
—the weight of evidence is strongly in favor of the thories of 
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Fig. 3. Interrelationships of Angiosperms—after Wettstein. 


Engler, Wettstein, and Wieland, that from a widespread and 
complex ancestral stock, many independent phyla of Angio- 
sperms developed. 

Hutchinson’s assumption that the Polycarpicae are ances- 
tral to all the other Angiosperms is purely hypothetical and 
based mainly upon a study of living forms, with scant reference 
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to the geological record, except so far as it concerns the Cyca- 
deoids. If we accept this view, we must believe that the Poly- 
carpicae existed far back of the Cretaceous, in order to account 
for the long series of intermediate forms between the Poly- 
carpicae and the Monochlamydeae of the lower Cretaceous, the 
oldest Angiosperms known at present. The Cycadeoideae, 
upon which Arber based his speculations, are themselves of the 
lower Cretaceous, practically contemporaneous with true Angi- 
osperms, and presumably themselves the end of a phylum 
derived from simpler types. Some of the latter, e.g. Wteland- 
iella, as Wieland has held, certainly show some suggestive 
resemblances to Dicotyledons, but our knowledge of these is 
still too incomplete to decide how far these resemblances may 
indicate a true relationship. Until much more evidence for the 
existence of petaloideous Angiosperms in older formations is 
demonstrated, the predominance of Monochiamydeae in the 
lower Cretaceous floras justifies the conclusion that these are 
primitive rather than derivative types. 

That the earliest Angiosperms were entomophilous is exceed- 
ingly doubtful. Aside from the character of the lower Cre- 
taceous Dicotyledons, whose living relations have, for the most 
part, inconspicuous flowers, what is known of the Jurassic 
insects, as already pointed out, indicates that the highly special- 
ized insects, such as butterflies and bees, had not yet come into 
existence, the very primitive Jurassic insects being types 
which, at best, could have served only accidentally in pol- 
lination. Just when entomophily became established, and thus 
started the extraordinary evolution of both insects and Angio- 
sperms, it is impossible to state; but the rapid increase in the 
number and variety of Angiosperms in the later Cretaceous 
indicates that entomophily had begun to exercise a marked 
influence on their evolution, although very little is known of the 
insects themselves. 

The development of a showy corolla is, of course, associated 
with the entomophilous habit, and it is by no means unlikely 
that the development of a true corolla was preceded by a con- 
dition in which the stamens, otherwise unchanged, became 
conspicuously colored, and thus attractive to insects. Such a 
condition still exists in a good many flowers belonging mostly 
to orders recognized as among the older, and probably more 
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primitive members of the Dicotyledons; e.g. Thalictrum, Salix, 
Acacia and other Mimoseae, Eucalyptus, Callistemon, and 
Metrosideros of the Myrtaceae. In these the corolla is either 
entirely wanting, or relatively inconspicuous. In this con- 
nection reference might also be made to the petaloid staminodia 
of Mesembryanthemum and Canna, and the transition from 
stamens to petals in the Nymphaeaceae. De Candolle, in as- 
suming the origin of petals from the sterilization of sporophylls, 
rather than the origin of the latter from vegetative leaves, was 
decidedly ahead of his time. 

If it is admitted that a number of independent phyla have 
arisen from the ancestral complex of the Jurassic, it is readily 
conceivable that one of these gave rise to the Ranalean series, 
while from another the primitive Monochlamydeae developed. 
While Engler is inclined to think that the diclinous Mono- 
chlamydeae may have had bisporangiate ancestors, Wettstein 
thinks it more likely that the monosporangiate floral type is 
more primitive than the bisporangiate, calling attention to the 
prevalence of the former among the Gymnosperms. The writer 
is inclined to agree with Wettstein in this respect. 

In view of the discovery of a group of fossils in the Jurassic, 
which were truly angiospermous, but apparently quite un- 
related to existing Angiosperms, it may be that other entirely 
independent Angiosperms may be discovered. 

Engler’s view that the typical 8-nucleate embryo-sac was 
characteristic of the Protangiosperms may be questioned. The 
most marked departures from the type occur principally among 
the more primitive orders, and although the 16-nucleate 
embryo-sac of Peperomia and Gunnera are regarded by Engler 
and some other writers as secondary rather than primitive, 
inasmuch as the embryo-sac is formed directly from the megas- 
pore-mother cell, one may very well ask why, in these primitive 
genera there should be this marked deviation from the type, 
while in many other cases, e.g. Lilium, the embryo-sac has the 
normal 8-nucleate form, although, as in Peperomia, it is formed 
directly from the megaspore mother cell. 

In any case, the argument cannot apply to Pandanus 
(Campbell, 6), where before fertilization the embryo-sac may 
contain upward of sixty nuclei, while the embryo-sac is formed 
from one of three cells resulting from the division of the mega- 
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spore mother-cell. This is especially significant, as Engler 
concludes that Pandanus, which has the most highly developed 
female gametophyte yet discovered in the Angiosperms—is very 
close to his hypothetical Protangiosperms. 

It would seem quite as likely that these aberrant types of 
embryo-sac approach more nearly the condition in the an- 
cestral Angiosperms than does the typical 8-nucleate embryo- 
sac. 

It is quite conceivable that the primitive Angiosperms had 
a bi-polar embryo-sac and perhaps the typical egg-apparatus; 
but there was probably a greater development of the vegetative 
tissue (antipodal cells) of the gametophyte, such as occurs in 
Pandanus, before fertilization, and in Sparganium and a good 
many other Angiosperms, e.g. grasses, some Compositae, sub- 
sequent to fertilization. 

Among the Gymnosperms the nearest approach to this 
condition is found in Gnetum, although the differences are too 
great to assume any near relationships. At any rate Wettstein’s 
theory of a direct relationship between Gnetales and Angio- 
sperms is consistent with what is known of the history of the 
embryo-sac. 

The phylogeny of the Angiosperms has been treated recently 
from quite a new point of view, viz. the ecological conditions 
involved. Dr. J. W. Bews (5) has studied the ecological factors 
in South Africa, a very ancient region geologically, where 
presumably climatic conditions have remained relatively un- 
changed for a very long time. He concludes that the conditions 
existing when the first Angiosperms appeared were much like 
those of the moist tropics of today and that the tropical forests 
contain a larger percentage of primitive genera than the temper- 
ate regions, the types characteristic of the latter having first 
arisen as a result of cooler and dryer conditions resulting from 
the uplift of mountain ranges, and the adaptation of lowland 
plants to these new conditions. This theory is entirely in 
harmony with the evidences of geological climates during the 
Jurassic and Cretaceous, where it is evident from the similarity 
of the vegetation everywhere, that a very uniform and pre- 
sumably warm climate prevailed over nearly the whole world. 

In this connection, Coulter and Chamberlain (7) point out 
that the Monocotyledons for the most part are mainly tropical 
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in their distribution, the boreal types being relatively few. The 
predominance of aquatic types among the lower Monocoty- 
ledons is also quite in harmony with the theory of Bews, who 
thinks these aquatic forms were a feature of the early angio- 
spermous floras. 

The relative antiquity of Monocotyledons and Dicotyledons 
has been the subject of much controversy. While the majority 
of recent writers on the subject have been inclined to the view 
that the Dicotyledons are the older, and the Monocotyledons 
an offshoot from a dicotyledonous stock, this is not universally 
accepted. The geological record, so far as it goes, indicates that 
the Monocotyledons are about as old as Dicotyledons, but 
remains of the former are much less abundant, due no doubt, 
in part, to their predominantly herabaceous habit. As among 
Dicotyledons, the genera usually accepted as primitive, e.g. 
Sparganium, Potomogeton, palms, seem to be older than the 
petaloideous types. 

The recent discovery (Noé, 18) of Carboniferous fossils 
having stems with a typical monocotyledonous structure, is 
decidedly interesting. Should these prove to be true Mono- 
cotyledons, it would be evident that the group is a very ancient 
one. 

It is hardly likely that the differences in the embryo of the 
Monocotyledons and Dicotyledons are as fundamental as is 
generally taken for granted, and the polyphyletic character of 
the Monocotyledons is, at any rate, a possibility. 

Aside from the embryo, there are no criteria by which we 
can absolutely separate the two primary divisions of the Angio- 
sperms. No doubt some of the resemblances are due to homo- 
plastic developments, but it is worth noting that among the 
lower members of both series are encountered numerous 
resemblances pointing to a real relationship. The case of the 
marked similarities existing between the WHelobiales and 
Ranales, is sufficiently familiar, but it is surprising to find how 
many of the lower orders of the Dicotyledons show mono- 
cotyledonous characters. This is especially noticeable in the 
flowers which have the characteristic trimerous arrangement 
instead of the pentamerous one, so common in the Dicotyledons. 
Examples of this are the Aristolochiaceae, Berberidaceae, 
Lauraceae, Polygonaceae, Nymphaeaceae, Magnoliaceae, Ano- 
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naceae, Celastraceae. This might suggest that the trimerous 
flower, typical of Monocotyledons, may be an older type than 
the pentamerous flowers of the majority of Dicotyledons. 

On the other hand, the reticulate venation, typical of 
Dicotyledons, has a good many examples among Monocoty- 
ledons, e.g. Trillium, Lilium giganteum, many Araceae. 

The possibility of a direct connection of the Monocotyledons 
with Pteridophytes has been made (Coulter and Chamberlain, 
7), suggested especially by the similarity to the Monocotyledons 
in the structure of both embryo and adult sporophyte in 
Isoetes. While Jsoetes is perhaps most commonly associated 
with the Lycopodineae, it is much more likely that its nearest 
existing relatives are the eusporangiate ferns, which Engler 
also suggests may have given rise to the Protangiosperms. 

Miss Sargant (23), from a very careful comparison of 
embryos of Monocotyledons, concluded that the monocoty- 
ledonous condition is secondary, and derived from the fusion 
of two cotyledons. This condition is often associated with a 
geophilous habit, where from a permanent subterranean axis, 
herbaceous shoots are developed. This condition is assumed to 
be secondary. 

If, however, the possibility of a direct derivation of Mono- 
cotyledons from Pteridophytes is admitted, the geophilous 
habit might really be primitive, as most ferns are geophilous. 
The aquatic habit too, so common among Monocotyledons, 
might also be inherited from some heterosporous fern ancestors, 
as all the existing heterosporous Filicineae are either aquatic 
or amphibious. It might also be added, that the megaphyllous 
habit of so many Monocotyledons, e.g. palms, Araceae, Mu- 
saceae, might also be a remote inheritance from filicinean 
ancestors and not a secondary development from some micro- 
phyllous Dicotyledons. 


CONCLUSION 


Comparing the very divergent theories as to the origin 
of the existing Angiosperms, the weight of evidence appears to 
favor the views of Engler and Wettstein as to their polyphyletic 
character. Both comparactive morphology and the geological 
record indicate that the existing Angiosperms represent a 
number of distinct phyla which cannot be traced back to a 
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single ancestral type. The theory defended by Hutchinson, 
that all the Angiosperms have been derived from a single floral 
type, closely approximating that of Magnolia or Ranunculus, 
is not based upon very convincing evidence. The occurrence 
of such highly organized entomophilous flowers in the lower 
Cretaceous, not to mention the Jurassic, is highly improbable. 

The attempts to connect these floral types with the fossil 
Cycadeoids are not very satisfactory, especially when the very 
great differences between the sporophylls of the Cycadeoids, 
and the carpels and stamens of the Angiosperms are considered. 

As to the hypothetical Mesozoic ancestors of the Angio- 
sperms, Arber’s ‘Hemi-angiosperms,’ and Engler’s ‘Protangio- 
sperms,’ the latter are more plausible, as Engler assumes for 
them sufficient range of structure to allow for the development 
of many independent phyla of true Angiosperms. 

Comparing the two hypotheses concerned with the morpho- 
logy of the flower of the Angiosperms, viz. whether it is a 
strobilus, as Arber and Engler believe, or an inflorescence, as 
interpreted by Wettstein, it must be admitted that there is 
evidence for both, so it is possible that both may be true. 
Certainly Wettstein’s explanation of the flower of the lower 
Dicotyledons, especially the origin of bisporangiate flowers, is 
easier to understand, on the assumption that the flower cor- 
responds to a reduced inflorescence, rather than to a simple 
strobilus. It also seems to the writer that Wettstein’s as- 
sumption that the monosporangiate flower is primitive is more 
probable than that it is reduced from a bisporangiate flower. 

That the ancestral Angiosperms had a more highly de- 
veloped female gametophyte than the typical 8-nucleate 
embryo sac is indicated by the increase in the number of nuclei 
found in some of the simpler and presumably older genera. The 
most noticable case is the very greatly increased number of 
nuclei in the embryo-sac of Pandanus. 

While the Monocotyledons are much more uniform in 
structure than the Dicotyledons, it is probable that they also 
represent more than one phylum derived perhaps from the 
‘Protangiosperms,’ but not from Dicotyledons. 

The possibility of a direct derivation of the Angiosperms 
from Pteridophytes (Engler suggests the eusporangiate ferns) 
is at any rate worth considering. As the Monocotyledons more 
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nearly resemble the ferns in their structure, than do the Dicoty- 
ledons, this theory would point to their being the older type. 
The recent discovery of Carboniferous fossils, claimed to be 
Monocotyledons, may also indicate the latter to be older than 
the Dicotyledons. 
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A morphological and cytological study of Ipomoea trifida 
FRANCES MARION GREENE KENYAN 


(WITH THIRTEEN TEXT FIGURES AND PLATE 14) 


The family Convolvulaceae has received very little at- 
tention from the morphologist and cytologist. Aside from the 
work of Kayser (7), Peters (11), and MacPherson (9), references 
to the group have been largely incidental. 

Kayser (7) noted in Jpomoea purpurea a massive growth of 
the integument, producing a very long micropylar canal. The 
nucellus is very small, and is absorbed early by the developing 
embryo sac. 

The present writer has been unable to obtain Peters’ work 
‘Vergleichende Untersuchungen ueber die Ausbildung der 
sexuellen Reproduktionsorgane bei Convolvulus and Cuscuta,’ 
a dissertion from Zurich which was evidently published pri- 
vately. Suchiirhoff (13) states, on the authority of this work of 
Peters, that the two genera mentioned in his title form hypo- 
dermal archesporial cells, which become deeper lying through 
the cutting off of parietal cells. No definite statement seems to 
have been made with respect to the structure of the embryo sac. 
Dahlgren (4) regards Peters’ evidence of the presence of parietal 
tissue as unsatisfactory. Certain figures from Peters are cited 
in which the embryo sac mother cell and spore tetrads are 
represented in contact with the epidermis. Others, which seem 
to show parietal tissue, are explained as not being cut parallel 
with the long axis of the nucellus. Dahlgren presents an illus- 
tration from his own material of a nucellus of Cuscuta lupuli- 
formis with an embryo sac mother cell in synapsis, lying in 
contact with the epidermis. He also cites a case of an embryo 
sac in contact with the epidermis in Cuscuta Epithymum.. He 
regards parietal cells in the Sympetalae proved with certainty 
only in the Plumbaginaceae and the Cucurbitaceae. 

Asplund (1) working on Convolvulus lupuliformis, confirms 
Peters’ view as to the hypodermal origin of the archesporial 
cells. Svensson (15) is of the opinion that the archesporial cells 
shown by Peters are indirectly of epidermal origin. 

Miss MacPherson (9) in her work on Convolvulus sepium 
and Cuscuta Gronovii, does not show any stages earlier than the 
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binucleate embryo sac. It is, therefore, impossible to determine 
the origin of the peculiarly shaped embryo sac in the species 
studied by her, or to trace the development of the tissues of the 
ovule so as to be sure just what tissues remain at this stage of 
development. She states that in Convolvulus sepium poly- 
embryony is the usual course of development, and that the 
multiple embryos seem to have developed from the synergids. 
Large vacuolate suspensors are typical of the older embryos 
in Convolvulus sepium, but no suspensors were found in Cuscuta. 
She shows a long, narrow, curved embryo sac in both Con- 
volvulus sepium and Cuscuta Gronovii, the former differing 
strikingly from the latter in that the antipodal cells migrate to 
the micropylar end of the sac along with the egg apparatus and 
polar nuclei. According to her study, the nucellus of both 
species is very large, and persists so that it surrounds the mature 
embryo sac. 

Coulter and Chamberlain (2) state that the endosperm of 
Cuscuta is scanty and is formed by free nuclear division, con- 
trary to the usual development of endosperm in parasites; and, 
that the embryo also is an exception in the morphology of 
parasites, in that it is large and well developed. These points 
were confirmed several years later by MacPherson (9) in the 
above mentioned work on Cuscuta Gronovit. Dahlgren (3) 
reports endosperm formation by free nuclear division in Con- 
volvulus lupuliformis and also in Pharbitis purpurea. 

Many systematic botanists place Cuscuta in a family by 
itself, excluding it altogether from the Morning Glory family 
(Small, Britton, and others). Yuncker (17) in his recent 
revision of the genus Cuscuta, accepts the old view held by 
Englemann and Gray, and includes Cuscuta as a sub-group of 
the Convolvulaceae. 

In this report on the morphology of Jpomoea trifida G. Don 
var. Torreyana Gray, special attention has been given to the 
origin of the long, narrow, curved embryo sac, and to the growth 
of the latter into the micropyle so that it is the integument 
and not the nucellus that immediately surrounds the embryo 


sac. 


Part of the material for this study was collected in October 
and November, 1926. It was necessary to supplement this col- 
lection in the spring of 1927 in order to secure all of the desired 
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stages of development. All of the material was obtained 
from neglected spots on the University of Texas campus. 

The material of different stages of development was col- 
lected at convenient hours during the day and fixed immediately 
in different fixatives. Flemming’s medium, Flemming’s strong, 
strong chromo-acetic, and weak chromo-acetic were used. The 
very young buds were placed intact in the fixing fluid. The 
sepals were removed from older buds, while the oldest buds and 
flowers were dissected and only the pistils fixed. This not only 
securred better penetration, but made sectioning easier, for the 
floral parts harden during the processes of fixation and infil- 
tration. Very young seeds were fixed in the capsules; but, with 
older capsules, the seeds were dissected out before fixation. 
Perhaps the best results were obtained from the Flemming’s 
strong fixative. Some of the young buds were dissected and 
studied without fixation. 

Sections of the young and of the older buds were cut seven 
and ten microns thick respectively. These were stained in 
Flemming’s triple stain and in Heidenhain’s iron-alum haema- 
toxylin. Flemming’s stain gave the best results for the morpho- 
logical work and Heidenhain’s for the cytological. 


FLORAL DEVELOPMENT 


In the early years of the study of floral development it 
seemed to be assumed that in the majority of cyclic flowers, the 
cycles appeared in acropetal order; e.g., sepals, petals, stamens 
and carpels. In later years it has been found that the exceptions 
to this order of succession are numerous. Hofmeister (6) records 
that in Rosa, Potentilla and Rubus the primordia of the carpels 
appear before those of the stamens have reached the full 
number, and that in Hypericum calycinum the primordia of the 
sepals appear after those of the stamens. Coulter and Chamber- 
lain (2) call attention to the fact that among the Compositae, 
Dipsacaceae, Valerianaceae and Rubiaceae, in which the sepals 
are much reduced or modified, their primordia do not appear 
until after those of the stamens and carpels; and that among the 
Cruciferae the petals are the last members to appear. 

Pfeffer (12) noted in the flower of the Primulaceae that the 
petals appear after the stamens, and each apparently from the 
dorsal surface of a young stamen. Coulter and Chamberlain 








502 BULLETIN OF THE TORREY CLUB [VOL. $5 


Jf \ ' 
j ; + 
, Py s+. 
a ~% a, 7 —~ ' 
\ 1" 7 \ f / \ m 
(fy ( hy \ql-\-- 
\/ y rs i (( , L, \ +-8 
\ | S <.... i} 4 5 
\ / 
\ F 
\ ’ ¢ 


12 \ \ / } \ 
} \ \ ~~ ) \} \ } 
j / j 
4 es \ \ 
¢ \ = \ \ \ j 
_——~— was / 
/ } “ \ 
/ if NN e~ 
’ : | 2 ee | 
os f } me op 10 
| L > ££ Li, ( Cx His 
: ’ ) l . 


(9 
Figs. 1-13. Floral development of Ipomoea trifida. Drawings made by 
the aid of the camera lucida, and reduced in reproduction to the magnifica- 
tions indicated. Letters used to designate the parts of the flower: s, sepal; 
m, stamen; ¢, carpel; p, petal or coralla lobe; 0, ovule; 6b, bract. 
Fig. 1. The primordium of a flower bud, a knob-like projection of undiff- 
erentiated tissue. X40. Figs. 2, 3. The sepals appearing as lateral lobes. 
xX 16.8. Fig. 4. A terminal bud showing two large protective bracts or bud 
scales, and sepals appearing as lobes on the side of the bud. 40. Fig. 5. The 
| sepals enclosing the bud. X40. Figs. 6, 7. The stamens appearing as a second 
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(2) are of the opinion that in this case the primordia of the 
stamens and petals have a common origin. 

In Ipomoea trifida the cycles of floral parts appear in the 
following order: sepals, stamens, carpels, and petals (text figs. 
2-11). The primordia of the flower buds appear in the axils of 
the leaves, or as terminal buds, and are protected by scales or 
bracts. The buds appear at first as small knob-like projections 
of undifferentiated tissue (text fig. 1). Then the sepals appear 
as lateral lobes of this undifferentiated tissue (text figs. 2-5), 
and gradually enclose the young bud. The stamens follow 
next, forming a second series of lobes, somewhat larger than the 
first (text figs. 6, 7). At first they grow upward (text figs. 8, 9, 
10), then as the anthers are differentiated and become greatly 
enlarged, the stamens bend in towards the center (text fig. 11). 
The primordia of the two carpels and of the petals seem to 
appear at nearly the same time. The former appear from the 
center of the bud just within the cycle of stamens (text figs. 
8, 10, 11), and the latter appear just outside the cycle of the 
stamens and alternate with them. In dissections of very small 
buds, five distinct, unconnected corolla lobes may be observed. 
Although they alternate with the stamens the latter form such 
a crowded cycle at this period that the corolla lobes very early 
overlap their bases and are seen to be fused with them at the 
points of contact. At a slightly later stage a continuous zone 
or tube is formed beneath the five corolla lobes and they are 
carried upward on this tube. In the mature flower the stamens 
are attached to the gamopetalous corolla for a distance of 
8-10 mm. Before the carpels have fused, forming the style and 


series of lobes within the protective sepals. X40. Fig. 8. Section of a bud 
showing the sepals enclosing the bud; the large stamens with anthers not yet 
differentiated; the carpels arising at the center; the primordia of the petals 
overlapping the base of the stamens. X40. Fig. 9. Section of a bud showing 
overlapping sepals and large stamens. , section of petal at point of attachment 
to stamen; and p’, section of petal between the stamens. X20. Fig. 10. 
Section of young bud with overlapping sepals, the anthers beginning to diff- 
erentiate at the top of the stamens. X40. Fig. 11. Section of an older flower 
bud, showing all the cycles of floral parts. X48. Fig. 12. Section through 
the edge of the pistil showing the two ovules of one cavity. X16. Fig. 13. 
Section of an older pistil showing incomplete fusion of carpels, the two ovarial 
chambers and only one of the ovules of each chamber. X 20. 
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ovarial chambers, the primordia of the ovules may be seen 
slightly elevated above the floor of the cavity (text fig. 11). 

A two-chambered ovary is formed by the fusion of the two 
above mentioned carpels (text fig. 11). Normally, there are 
two ovules in each cavity (text fig. 12). The primordia of the 
ovules appear as small knob-like projections from the placenta 
at the base of the ovary. For a short time they grow upward, 
forming short knobs (text fig. 12). Then they take a transverse 
course across the cavity, and begin to bend slightly downward 
(text fig. 13). The nucellus and integument have begun to 
differentiate by the time that the opposite wall of the cavity is 
reached. The nucellus appears first, projecting at an angle of 
about 45 degrees to the vertical axis of the cavity (pl. 14, figs. 
1, 2, 3). It has, at this early age, a well defined epidermal 
layer. The cells of the nucellus are rich in cytoplasm and have 
very large nuclei. The rudiments of the integument appear 
soon after, and gradually enclose the nucellus (pl. 14, figs. 
4a, 4b, 5). As growth proceeds, the longitudinal axis of the 
nucellus is directed towards the floor of the ovary; and, by the 
time that this tissue is enclosed by the integument, the complete 
anatropous condition is reached. 

The integument continues its growth, becoming very mas- 
sive and extending far beyond the nucellus. Growth is very 
much more rapid in that part of the integument extending 
beyond the nucellus, and in the region of the funiculus. Conse- 
quently, the nucellus is pushed higher and higher in the ovarial 
chamber. By the time that the entire cavity is filled, the 
nucellus is well in the chalazal end of the ovule. The micropyle, 
therefore, has undergone extreme elongation, and, at this stage, 
extends from two-thirds to three-fourths the length of the 
ovule. The side of the integument towards the outside wall of 
the cavity grows faster than the other side. This causes the 
ovule to curve inward so that the mouth of the extremely 
curved micropyle of the mature ovule is in contact with the 
funiculus (pl. 14, figs. 13b, 16b). 

Even before the primordium of the integument has ap- 
peared, one or more cells, entirely unlike the other cells, are to 
be seen in the young nucellus. These cells are somewhat larger 
than the other nucellar cells, and are always easily recognized 
by the unusually large nuclei and very large, deeply stained 
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nucleoli. None of the other cells of the nucellus contain such 
large nuclei, nor such conspicuous nucleoli. The number of these 
large cells varies from one to four (pl. 14, figs. 1, 2, 3, 4a). A 
greater number of the ovules contain two (pl. 14, figs. 1, 2). 
They usually lie in a row parallel to the longer axis of the 
nucellus (pl. 14, figs. 1, 2) though this is not always the case. 
Not infrequently two of the cells are to be seen lying in a plane 
approximately at right angles to the long axis of the nucellus. 
Four such cells have been observed lying roughly tetrahedrally 
near the center of the young nucellus (pl. 14, fig. 3). Although 
these cells lie touching one another they do not always lie in 
such a position as to lead one to the belief that they have 
arisen from a common cell. In part of the cases observed, they 
have undoubtedly arisen independently. Frequently the outer 
one lies in contact with the epidermis (pl. 14, fig. 2) though 
this is not always the case, for, as will be seen in plate 14, figure 
1, it may lie embedded, at least one cell below the epidermis. 
From the position of these cells and their state of differentiation, 
they are probably to be regarded as archesporial cells. 

This condition of multiple archesporial cells in the very 
young nucelli, may lead one to suspect that they give rise to 
multiple megaspore mother cells. But, as the ovule enlarges, 
only one of these conspicuous cells functions. This one grows 
more rapidly than the others. The sterile cells of the nucellar 
tissue undergo enlargement, also, and become like the non- 
functioning archesporial cells in size and nuclear characteristics. 
The latter can then no longer be distinguished from the sur- 
rounding nucellar cells. 

Whether any of the archesporial cells divide after they are 
differentiated, the author is unable to say. From a study of the 
position of the mother cells in the older nucelli, it seems very 
probable that any one of the archesporial cells may function. 
Apparently, the innermost one develops usually, for the mother 
cell is more often found deeply embedded in the nucellar tissue 
(pl. 14, figs. 6, 8). This is not always the case, however. Plate 
14, figure 4a shows the mother cell separated from the epidermis 
by only one layer of cells. The mother cell in synapsis in plate 
14, figure 7a lies just under the epidermis. The epidermis is 
nearly disintegrated, and it is not improbable that other cells 
within the epidermis have also undergone disintegration. 
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The megaspore mother cell enlarges and its nucleus enters 
synapsis. At this stage, the nucellus is completely enclosed by 
the integument. At the time of the recovery from synapsis, 
the integument has grown to such an extent that the micropyle 
is more than half the length of the ovule. The nucellus is left 
well in the upper half of the ovule. 

A linear series of four megaspores is formed (pl. 14, fig. 10), 
and the innermost cell develops into the embryo sac (pl. 14, 
fig. 1la). As the functioning megaspore grows larger, the other 
megaspores, together with the remaining nucellar tissue, are 
absorbed (pl. 14, fig. 11a). In some cases the nucellus is practi- 
cally consumed before megasporogenesis (pl. 14, fig. 7a). 

The eight-nucleate embryo sac is formed, in the usual 
manner, by three successive divisions of the functioning mega- 
spore. About the time of the second division of the megaspore, 
the embryo sac, having consumed the remainder of the nucellus, 
begins to grow out into the micropyle, absorbing the inner 
layers of the integument as it proceeds (pl. 14, fig. 13b). At 
first, when the embryo sac is small, the micropylar canal seems 
to be large enough to accommodate it, and very little of the 
adjacent integument tissue is absorbed. The sac conforms to 
the size, as well as the shape, of the long, narrow micropyle. 
The growth of the sac through the upper end of the micropyle 
is apparently very rapid. By the time of the third division of 
the megaspore, the embryo sac is four times as long as it was 
at the time of the second division. At the time of the last 
division, the lower end of the sac has progressed far towards 
the outer end of the micropyle. At this stage, the sac is very 
long and narrow, and decidedly curved (pl. 14, fig. 14). The 
nuclei extend from one end of the sac to the other, and tend to 
be in pairs which are obviously sister nuclei. The protoplasm 
is aggregated about the pairs of nuclei, and large vacuoles 
appear between the groups. As the embryo sac enlarges, the 
nuclei undergo a rearrangement. The small antipodal nuclei 
are pushed to the extreme upper end of the sac by the enlarge- 
ment of the vacuole below them. The polar nuclei become 
large and prominent. The nuclei of the egg apparatus, together 
with the polar nuclei, and large quantities of protoplasm, 
migrate to the lower end of the sac. 

The organization of the membranes about the nuclei of the 
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egg apparatus and antipodal cells does not take place until the 
sac has elongated to such an extent that the egg apparatus lies 
only a very short distance from the mouth of the micropyle 
(pl. 14, figs. 16a, 16b). The sac is broader at the micropylar end 
and is extremely curved. The synergids and egg are pear- 
shaped. The polar nuclei take a position near the egg apparatus, 
but do not fuse until after fertilization. The antipodal cells 
begin to degenerate in the upper end of the sac immediately 
after formation. They have disappeared entirely considerably 
before fertilization. The synergids disappear just before or 
about the time of fertilization. Double fertilization was ob- 
served. One male nucleus was seen lying in contact with the 
nucleus of the egg, while the other had begun to fuse with the 
polar nuclei. 

The author has not been successful in obtaining a sufficient 
series of embryos to warrant any statement in regard to the 
development of the embryo or the condition of polyembryony 
in Ipomoea trifida. 

DISCUSSION 

The floral development of Jpomoea trifida is similar to that 
which Pfeffer (12) found in the Primulaceae, in that the petals 
develop after the stamens and before, or simultaneously with 
the carpels. The corolla tube is attached to the bases of the 
stamens from the time of its first appearance. 

The usual criteria for distinguishing archesporial cells from 
other cells in the nucellus seem to be conspicuous size of the 
cells, contents which stain differently from the other cells, and 
often conspicuous nuclei. At times, however, when there are 
no such conspicuous cells, position in the nucellus has been 
used as a means of identification. 

It is quite probable that the origin of the archesporial cells 
varies in different species, the cells arising in some cases from 
a definite region in the tip of the nucellus, and in other cases 
arising from any of the cells in the apex of the nucellus, any or 
all of these cells being potentially archesporial. Jpomoea 
trifida seems to belong to this latter class. Cells of conspicuous 
size and with very conspicuous nuclei and nucleoli are to be 
seen in various positions in the young nucellus. Although the 
number of such cells varies from one to four, only one has been 
observed to function as a mother cell. 
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The author can not say with certainty whether the arche- 
sporial cells ever divide after they are differentiated. It seems 
quite possible that the archesporial cell functions directly as 
the mother cell. 

A linear series of four megaspores is formed, the chalazal 
one developing into the embryo sac. The functioning mega- 
spore consumes the remaining nucellar tissue, and by the time 
of the second division of the megaspore, the young embryo sac 
begins to grow out into the long, curved micropyle. Some of the 
cells of the inner layers of the integument are consumed as the 
embryo sac moves forward towards the outer end of the micro- 
pylar canal. It conforms to the shape of the long, curved micro- 
pyle. At the time of the organization of the egg apparatus and 
antipodal cells, the lower end of the long, curved embryo sac 
is only a very short distance from the mouth of the micropyle. 

The long, narrow, curved embryo sac observed in this study 
appears to be typical of the Convolvulaceae. At least, it has 
been observed in the three species, Cuscuta Gronovit, Convolvu- 
lus sepium, and Ipomoea trifida. Though Miss MacPherson 
does not report early stages in the development of the ovule in 
her work on Cuscula Gronovii and Convolvulus sepium, it seems 
quite possible that the nucellus is absorbed and that the embryo 
sac grows into the micropyle, in both forms, as in Ipomoea 
trifida. This condition is not characteristic of the Convolvu- 
laceae alone; but it has been reported in many other groups. 
Weinstein (16) in a recent paper on Phaseolus vulgaris states 
that the micropylar end of the nucellus is consumed by the 
embryo sac, except the capping cells that persist as a hood over 
the end of the sac until an advanced stage in the development 
of the embryo is reached. The embryo sac grows into the 
micropyle, pushing the cap on ahead of it. 

Lloyd (8) reported that the embryo sac in Galieae and 
Diodia of the Rubiaceae breaks through the capping cells of 
the nucellus and passes down the micropyle. Ferraris (5) states 
that in Hemerocallis, Crocus, Gladiolus, and Romulea the nucel- 
lus is used up, and that the embryo sac protrudes, more or less, 
into the micropyle. This condition was also reported by Mur- 
beck (10) in Alchemilla; and by Strasburger (14) in Medicago 
and Torenia asiatica; by Lloyd (8) in the Labiatae and in 
Vadlantia. In Vazllantia the mother cell migrates into the 
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micropyle and develops there. In Torenia (Strasburger,14) the 
form in which we find the oldest and most conspicuous illus- 
tration of this phenomenon, the embryo sac passes beyond the 
micropyle and even reaches the ovary wall. 


SUMMARY 


1. In [pomoea trifida the petals develop after the stamens. 
The corolla becomes tubular by the formation of a continuous 
zone or tube below the rudimentary petals. 

2. Although one to four cells, conspicuous in size and 
nuclear characters, may be differentiated in the young nucellus, 
only one has been found to function as a mother cell. 

3. The mature integument extends far beyond the nucellus, 
forming a very long micropyle. 

4. The developing embryo sac consumes all of the nucellar 
tissue and grows out into the long, narrow, curved micropyle. 

This study was undertaken at the suggestion and under the 
direction of Professor Frederick McAllister. The writer wishes 
to thank Professor McAllister for his encouragement and in- 
valuable assistance throughout the course of the investigation. 
UNIVERSITY OF TEXAS 

Austin, TEXAS 
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Explanation of plate 14 


All drawings were made with the aid of the camera lucida, and have been 
reduced a little more than one-half in reproduction, with the result of approxi- 
mate magnifications indicated after each figure. 


Fig. 1. Section of a very young nucellus, showing two sub-epidermal 
cells, conspicuous in size and nuclear characteristics. 192. 

Fig. 2. Two conspicuous cells in a young nucellus, the outermost one 
lying next to the epidermis. 192. 

Fig. 3. Section of a young nucellus showing four conspicuous cells. 192. 

Fig. 4a. An enlarged conspicuous cell, evidently, the mother cell. 192. 

Fig. 4b. Section of the entire ovule of figure 4a. X44. 

Fig. 5. Section of the nucellus of an older ovule, showing only one con 
spicuous cell, deeply embedded in nucellar tissue. 192. 

Fig. 6. Median section of the nucellus of an older ovule, showing the nu- 
cleus of the mother cell in synapsis. 434. 

Fig. 7a. Megaspore mother cell with nucleus in synapsis having con- 
sumed most of the nucellar tissue. 434. 

Fig. 7b. Section of the ovule shown in figure 7a. X44. 

Fig. 8. Median section of nucellus with mother cell deeply embedded. 
x 192. 

Fig. 9. First division of the mother cell. 434. 

Fig. 10. Longitudinal section of nucellus, showing linear series of mega- 
spores, the innermost one functioning. 434. 

Fig. lla. Median section of nucellus showing first division of functioning 
megaspore, and an evidence of a cell wall forming between the nuclei. 434. 

Fig. 11b. Section of ovule shown in figure lla. X44. 

Fig. 12. A two-nucleate embryo sac, all evidence of cell wall having dis- 
appeared. X192. 

Fig. 13a. The four-nucleate embryo sac growing into the micropyle. 
x 192. 

Fig. 13b. Section of the ovule of figure 13a showing long, curved micro- 
pyle. X44. 

Fig. 14. An eight-nucleate embryo sac before the organization of the egg 
apparatus. 192. 

Fig. 15. The micropylar end of an embryo sac, after the organization 
of the egg apparatus. 192. 

Fig. 16a. A mature embryo sac before fertilization. 192. 

Fig. 16b. Section of the ovule of figure 16a showing egg apparatus very 
near the outer end of the micropyle. X44. 
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Studies on morphogenesis in fungous mycelia 
ILLo HEIN 


(WITH PLATE 15) 


The fact that the growth of the main hyphal branches of 
fungous mycelium in a fairly homogeneous medium is pre- 
dominantly radial has not, so far as the author is aware, been 
emphasized, but that it is generally radial and that the habit 
of radial growth is of widespread occurrence is shown by the 
numerous figures in the literature. Not only the main branches 
of a fungus mycelium grow radially, but there is a general 
tendency to radial orientation and symmetry in the structure 
of carpophores, ascocarps, etc., as well as in the parts of numer- 
ous other plants and in lower animals. 

The spontaneous self-orienting tendencies of fungous hyphae 
in their growth directions have been little studied. It is rather 
generally assumed that the growth orientations of fungous 
hyphae are very specially subject to environmental determina- 
tion. 

Excellent figures illustrating radial growth in fungi are 
given by Brefeld (1877) for Coprinus stercorarius (pl. 1, figs. 
2, 4, 5) and Agaricus melleus (pl. 10, figs. 1-5). Brefeld traces 
the development of Coprinus stercorarius from spore to fruit 
production and shows that both in the very early and in later 
stages the main hyphal branches are arranged radially about 
the spore as a center. The figures of Zopf (1880, pl. 14, fig. 4; 
pl. 19, fig. 5) of the mycelium of Fumago illustrate the same 
radial tendency. Good figures of radial mycelial growth are 
also given by Leonian (1926), Tisdale (1917), Porter (1924), 
and many others, but one finds little discussion of the relating 
internal and external environmental factors in determining 
this form of growth. 

The radial habit of growth is well shown in the secondary 
mycelium of the ascocarps of the Sordarias, as has been illust- 
rated by Woronin (1869-70, pl. 2, figs. 7, 9), in certain Chaeto- 
miums (Zopf, 1860; Chivers, 1915), and in the vegetative 
mycelium of the mildews (Harper, 1895; Hein, 1927, figs. 1, 2), 
in the appendages of mildews (the Tulasnes, 1853; and all later 
authors), in the germ tubes of Megalospora affinis (DeBary, 
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1884, fig. 57 f.), in the initial enveloping hyphae of Pyronema, 
(Tulasne, 1851; DeBary, 1863; Harper, 1900), Sphaerotheca 
and Erysiphe (Harper, 1895), in the mycelium of the pileus in 
fleshy fungi (Atkinson, 1906; Blizzard, 1917; Levine, 1913, 
1914), and in the gills of agarics (textbooks of botany). In the 
higher plants, and in such animals as the old group Radiata, 
the well established facts of radial ‘perimeric’ symmetry, 
exotrophy, etc. have been the subject of more intensive study. 
Still the voluminous literature on the tropisms in plants yields 
little data concerning radial growth. 

Sachs (1882) pointed out that the medullary rays in stems 
are perfectly radial in their orientation and notes that this 
growth habit is dependent upon the manner in which the cells of 
the cambium ring divide. 

It was Noll (1894) who first made the radial growth of 
lateral plagiotropic roots the subject of intensive experimenta- 
tion and on the basis of experimental data proposed an hypo- 
thesis which, so far as I find, has not been challenged. Noll 
grew lupine seedlings in liquid culture solutions under con- 
ditions in which the roots were supposed to be in a practically 
homogeneous environment. No mechanical or other barriers 
were present and the solution was presumably uniform in 
concentration throughout. Noll found that in such cultures the 
lateral roots grew radially outward from the main axis. Directly 
in the path and at right angles to the growing lateral roots 
pieces of glass were then placed so that the roots were compelled 
to alter their direction of growth. Under these conditions the 
roots followed the surface of the glass, maintaining their plagio- 
tropic plane until they reached its edge, where they abruptly 
followed a new direction of growth which was found to be in a 
direction radial to their point of origin, i.e. radial to the main 
tap root as a centre. 

Noll (1900) concludes that besides being sensitive to numer- 
ous external environmental stimuli, plant organs are also sensi- 
tive ‘fiir Form und Lage des eigenen Kérpers,’ which acts as a 
stimulus. The plant form as a whole exerts a stimulus which 
may influence the form of any of its parts. This capacity Noll 
called Morphdsthesie. According to Noll the directions of 
growth in such a case are apparently due to inner form de- 
termining factors. It appears that Noll (1896) believed all 
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forms of radial growth are due to internal form determining 
factors, as is shown in the following passage: 

Wie eine Aktinie unter normalen Umstinden das Bestreben zeigt alle 
ihre zahlreichen Arme in radialer Richtung von sich wegzustrecken, so scheine 
auch dem Pflanzenkérper (den ich physiologisch im Ganzen als einen in- 
dividuellen Plasmakérper auffasse, (wie Sachs auch in morphologischer Hinsicht 
thut) eine Art inneren Empfindungsvermégens (Ich denke dabei nur an 
Reizempfindlichkeit, nicht etwa an ein dunkles Bewusstsein) von gegenseitigen 
Stellung seiner Organe innezuwohnen. 

The literature on the relations of plant form and response 
to environmental stimuli is voluminous and has been many 
times reviewed. Relatively little work has been done in this 
connection on the fungi. The response of the carpophores of 
fleshy fungi to light and gravity have been many times studied, 
and reviews of the literature are given by Levine (1914), 
Blizzard (1917), and Atkinson (1906). The histogenetic and 
morphogenetic processes concerned in development of the 
carpophoral form have been studied by Brefeld (1877), DeBary 
(1884), Atkinson (1906), W. Magnus (1906), Blizzard (1917), 
Levine (1913, 1914), Walker (1919) and Hein (1928). Respon- 
siveness in fungous hyphae has been studied by Kiister (1908), 
Stevens and Hall (1909), and Liesegang (1920). Most of the 
studies of hyphal reactions and interactions have been made 
from the standpoint of hyphal anatagonisms. Porter (1924) re- 
cently reviewed the data in the literature, and on the basis of his 
own observations made five groups of hyphal inhibitions which 
he designated as types A, B, C, D, and E: A, mutually inter- 
mingling, B, overgrowing, C, slight inhibition, D, growth 
around, E, inhibition at a distance. Porter’s figure 1, plate 6, 
illustrates the reactions of radially growing hyphae to a rect- 
angular, sterile block of agar placed before them, but on the 
mechanical inhibition involved there is no comment in the text. 
There appear to be formed at the edges of the agar block new 
centres from which the hyphae grow radially. The barrier in 
Porter’s figure was placed at right angles to the radial hyphae 
which were either inhibited or compelled to grow in a new di- 
rection. They appear to have grown around the barrier, and 
then after having passed around it, tended to grow more or less 
inward in all directions from the opposite ends and on the 
peripheral side of the barrier. The photograph does not show 
clearly the directions of growth of the individual filaments. 
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OBSERVATIONS 


In the attempt to analyze further the form determining 
factors in a mycelium and especially to distinguish the effects of 
external environmental from the so-called rektipetiotic factors, 
| have made experiments on the behavior of hyphae when they 
come in contact with mechanical barriers. I have worked for 
the most part with Sordaria fimiseda and a species of Chaeto- 
mium. My observations were made largely on cultures in petri 
dishes and in Van Tieghem cells. 

The ascospores of Sordaria and Chaetomium germinate 
readily under ordinary room conditions and never seem to need 
any special stimuli to induce growth. Clean, ripe ascospores of 
Sordaria were obtained from ripe ascocarps in the following 
manner: shortly before spores were desired the petri dish covers 
were cleaned and sterilized with alcohol and replaced on the 
cultures. In from ten to twenty minutes one can find abundant 
ascospores which have shot from the ripe asci against the covers, 
where they are held fast by their gelatinous envelopes. Clean, 
fairly sterile spores were thus obtained. Single spores were then 
removed from the covers with a flamed needle, the spores adher- 
ing readily to the needle with a little manipulation. I have 
found this method of obtaining single spores far more efficient 
and speedy and the percentage of contaminations smaller than 
with other well known methods, such as the use of the Barber 
pipette, or the method used by Edgerton (1915). 

I do not find that the ascospores of the species of Sordaria 
and Chaetomium which I used require moist earth or dung 
decoction or any other specific medium for their germination, 
as reported by Woronin (1869-70, p. 341). They germinate 
easily under a variety of conditions, even in a moist atmosphere. 
In fact they germinate so rapidly after ejaculation from the 
ascus that, unless the spores are collected from the cover dish 
within about half an hour, so many of them will have ger- 
minated that the isolation of spores for culture is very difficult. 
Possibly their gelatinous envelopes contain sufficient moisture 
for their germination. 

I find the appearance of the ascospore of Sordaria on germi- 
nating is identical with that described by Woronin (1869-70, 
p. 341): from the ‘Keimporus’ at one of the ends of the spore a 
spherical germ tube is produced and this then gives rise to from 
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one to five mycelial hyphae which grow very rapidly in radial 
directions. 

The main hyphal branches continue to grow radially, 
branch profusely and become septate. The secondary, tertiary, 
and later branches all tend to grow radially away from the spore 
as acenter. The angles formed by these branches with the main 
hyphae are not always the same, they vary between an acute 
and a right angle. The dense mass of mycelium is from the 
beginning more or less circular in outline. In the very early 
stages there is a tendency for the margin of the colony to be 
very slightly wavy, due to irregularity in the rate of hyphal 
growth, but this soon disappears and the margin becomes 
even, giving a perfectly circular outline to the colony. The 
smooth, clean cut, circular outline of the whole colony is 
striking. 

At about seventy-two hours the mycelial growth in the 
cultures of Sordaria attains a diameter of about 7 mm. These 
hyphae are entirely imbedded in the substrate and not very 
conspicuous to the unaided eye. At this time, the dense 
aerial mycelium appears suddenly and grows rapidly, producing 
a hemispherical tuft. The aerial mycelium soon attains a 
height of about 5 mm. in the center. When the colony attains a 
diameter of about a centimeter the hyphae in the center seem 
to collapse. The aerial mycelium immediately after its appear- 
ance spreads radially with and at the same rate as the substrate 
mycelium, and as the aerial hyphae in the center collapse a 
wide ring is produced. As the ring is widened by the radially 
growing marginal hyphae distinct concentric zonation appears. 
The rings which consist of alternating less dense and more dense 
hyphal growths have a width of from three to four millimeters. 
The concentric zones in this stage are of the type described by 
Stevens and Hall (1909). The dark zones are due to crowding 
of the filaments through repeated branchings, while the lighter 
zones are due to the smaller number of hyphae. The surface 
of a cross section through such a colony would have a wavy 
outline. 

When the mycelium has attained a diameter of about 3 cm., 
usually after from five to eight days, very small white irregu- 
larly placed dots, the young ascocarps, appear in the central 
area. The young ascocarps appear under the lens as an aggre- 
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gate of interlaced hyphae with numerous radially arranged 
hyphae around them. These hyphae grow radially from the 
ascocarp and are in the early stages equally radial in all planes, 
in the substrate as well as in the air (figure 18). A study of the 
further growth and development of the ascocarp of Sordaria 
is to be described later. 

No zonation appears in the distribution of the first formed 
ascocarps in the central region of the colony, but outside this 
region the alternation of concentric rings with numerous asco- 
carps and less fertile areas in which there are fewer ascocarps 
is conspicuous. These rings have about the same width as the 
previously described rings of dense and less dense hyphal 
growth. The distribution of ascocarps is by no means limited 
to the specially fertile zones: they grow all over the substrate, 
but tend, as has been universally noted, to be more numerous 
in alternating zones. Such phenomena have long been known 
in the growth of fleshy fungi, where the concentric zones of 
carpophores are popularly known as fairy rings, devil’s gardens, 
etc. The most recent review of the literature on this point 
has been given by Shantz and Piemeisel (1917). Shortly after 
the production of ascocarps, secondary mycelial hyphae grow 
radially and profusely from the ascocarp, become prominent 
and form a white fringe surrounding the black pyrenocarp. 

Stevens and Hall (1909) have figured and described the 
localization of the sclerotia of Sclerotinia Libertiana in con- 
centric rings. The sclerotia are more abundant in a zone midway 
between two adjoining mycelia. Zonation in the formation of 
conidiophores is well shown in the alternating green and white 
concentric rings in cultures of Penicillium. 

The ascocarps of Sordaria fimiseda which I have studied are 
formed most abundantly in the region where two mycelia meet. 
The more abundant production of ascocarps between two 
mycelia in this case is not the expression of heterothallism, as 
might appear from the cultures. Sordaria fimiseda is homo- 
thallic, fruit production resulting from the mycelium produced 
by a single spore. 

Though no elaborate experiments were made to test the 
effect of gravity on radial growth of Sordaria mycelium, the few 
simple tests carried out indicate that gravity has little or no 
effect on the circular outline of the colonies. Petri dish cultures 
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of Sordaria were placed on edge and kept in this position until 
the mycelium completely covered the substrate. 

Measurements of the length of the horizontal and vertical 
radii of the cultures placed on end were made from time to 
time as the colonies enlarged, and in no case did the measure- 
ments reveal differences in rate of growth. While the general 
outline of the colonies remained apparently unaffected by 
gravity, the aerial mycelium on the other hand seemed to 
give slight evidence of a positive response to it. In the lower 
half of the colony the aerial hyphae are all very similar and grow 
in a generally radial direction, like those in the colonies kept in 
the horizontal position, but in the upper half the aerial my- 
celium, while it presents a generally radial direction of growth, 
shows hyphae that are irregularly bent in various directions. 

Whether radial growth of hyphae is due to external environ- 
mental factors, to morphaesthesia, or to rektipetiotic factors 
has never been shown. Noll’s (1894) experiments and results 
with roots suggest the possibility of similar studies with fungi. 

Single spore, two spore, and multispore cultures of species 
of Sordaria, Mycogone, Chaetomium, and of Monilia fimicola 
were made in hanging drops for observing the early stages of 
growth. 

Typically the hyphae of Chaetomium show the following 
growth orientations: two hyphae are produced from nearly 
opposite sides of the spherical bulb-like germ tube described by 
Zopf (1881) and grow rapidly in a direction at about either 150° 
or 90° to the long axis of the spore (fig. 1). When the angles 
made by the hyphae are about 150°, a third hypha grows from 
the germ tube in the direction of the long axis of the spore (fig. 
2). This third hypha apparently grows more rapidly and soon 
attains a length equal to that of the pair first produced. All 
three then grow at about an equal rate. They are thus about 
equally spaced about the spore and radial from the very be- 
ginning. When two hyphae are produced at right angles to the 
spore axis, as is often the case (figs. 1b, 3), a branch appears 
on each hypha and on the same side as the spore about 70-80 
microns from it. Such branches grow rapidly at right angles to 
the hyphae from which they arise (fig. 4, a and 5). Seventy 
microns further on each main hypha a branch grows in the 
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opposite direction to the previous two branches (figure 8, a 
and 6). These two methods of branching I find most common in 
the early stages although there are numerous variations of 
these, as welt as other more distinct methods. Whatever the 
initial arrangement of the main branches may be, the tendency 
is for the hyphae always to be disposed radially about the spore 
(figs. 5, 6, 7, 11, 12, 14). With two (fig. 9) or more spores 
(fig. 10) the direction of growth becomes more conspicuous. 
Possibly the main hyphae are mutually repellant even at a 
distance from one another. Some evidence on this point is 
given in figures 4, 15, 17, and 11. In figure 11 it appears that 
lateral branching from two parallel main hyphae is more or 
less suppressed on the sides facing one another. On the sides 
a and a’ of the hyphae d and c, figure 11, the branches appear in 
abundance, while on the sides of the hyphae facing one another 
there are almost no branches. After the point where the two 
branches 6 and ¢ cross one another at x, branching seems not 
to be confined to any particular side, and apparently there is 
here no hyphal antagonism at the distance involved. The two 
branches 6 and ¢ are not actually touching each other at x, 
but are very close together. I have never observed primary 
branches of this fungus crossing or actually touching one 
another. Secondary, tertiary, and later branches in older cul- 
tures are frequently very close and cross each other repeatedly. 
In figure 11 5 and ¢ are secondary hyphal branches. Figure 17 
shows some twenty spores arranged in a straight line. The 
development of hyphae is most profuse and in a direction at 
right angles to the line of spores. None of these main branches 
are in contact. They all grow more or less parallel to each other. 
It would appear that they are mutually repellant, and that the 
antagonism keeps them in their parallel course. The radial 
arrangement of the secondary mycelium of Sordaria shown in 
figure 18 may also be due to mutual antagonism. The young 
ascocarp shown is completely imbedded in the substrate and the 
secondary mycelium grows radially in every direction from it. 

Where several colonies of Sordaria are growing in a single 
dish, the hyphae are inhibited in their growth where the 
colonies meet. The inhibition is most marked where the hyphae 
from opposite colonies approach each other in a straight or 
nearly straight angle and becomes less marked as the angles of 
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approach grow smaller. The inhibition in Sordaria in this case 
appears to be of the E type described by Porter (1924). 

In order to contribute to our understanding of radial growth 
and to determine whether it is due to external stimuli, or to 
internal rektipetiotic conditions (Lindau, 1899, Pfeiffer, 1925), 
mechanical barriers were placed at right angles to and directly 
in the path of the advancing main branches so as to force them 
to change their direction of growth. Several kinds of barriers 
were tried. Very small, thin, flat, rectangular pieces of mica 
(1X2 mm.) were inserted into the agar at right angles to and at 
varying distances in front of the growing point of an advancing 
hypha. The successful preparation were not very satisfactory 
except for mass cultures, and the method was finally discarded 
for the present studies. A second method consisted in stirring 
small particles of sand and spores in the culture medium so 
that some of the particles would by chance be placed in the 
desired positions. The sand was first crushed in a mortar in 
order to obtain small angular grains showing flat surfaces corre- 
sponding to the cleavage planes. The finest particles were 
then separated from the larger by stirring both in water, the 
water containing the particles which remained suspended a few 
seconds was then poured off and evaporated, leaving the fine 
angular grains in the dish. The fine angular particles thus 
obtained, together with the spores, were stirred into the culture 
medium and placed in a Van Tieghem cell. In this way a purely 
random placement of barriers was obtained, but a sufficiently 
large number of these were found in the positions desired. 

When a hypha approaches a barrier it is apparently un- 
affected in its direction of growth until it comes in actual contact 
with it. The hypha then follows the contour of the obstruction 
on the side which forms the widest angle with the axis of the 
hypha. I have not yet studied the reaction to barriers which 
were placed at exactly 90 degrees to the axis of the hypha. 
The hypha continues its growth around the barrier, remaining 
in close contact with it until a point is reached where there is 
no longer an obstruction to its original direction of growth. 
It then turns from the barrier, growing in a new direction which 
is parallel to the radius from the spore as a center. Figure 16 
illustrates the typical growth of a hypha around and past such 
an interposed barrier. In this case a single main branch de- 
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veloped from the germ tube and grew in the typical direction 
at right angles to the long axis of the spore until it reached the 
barrier, where its course was diverted to the left. The left side 
in this case formed the widest angle with the original axis of 
growth of the hypha, and then the course m-o was followed 
until the direction of growth, parallel to the original, g-m, was 
no longer obstructed. The hypha then continued to grow to 
point x in a direction not quite parallel to its original course 
but parallel to a radius from the center of the spore. At x the 
hypha turned slightly to the left, owing probably to some 
environmental cause. 

In figure 12 the hypha a (enlarged view in fig. 13) has grown 
under a barrier. The original direction of growth was resumed 
after the barrier was passed. 

In the case shown in figure 14 (enlarged view in fig. 15) 
the course of the hypha seems to have been diverted to the 
right of the barrier even before actual contact was made. There 
are here two barriers, a smaller one x preceding the larger y. 
It would appear that the barrier x caused the hypha to be 
diverted to the right even before actual contact was made. 
The barrier y presented a contour which allowed the hypha to 
grow in its original plane parallel to the substrate. At r the 
hypha grew over and around the barrier and then tended to 
grow to the left, apparently to resume its radial direction, and 
then grew under the barrier at r’. After the sand particle was 
completely passed the hypha resumed a direction of growth 
approximately parallel to its original path. 

Macroscopic studies were made of hyphae meeting in their 
growth barriers made of rectangular pieces of mica inserted in 
the agar so that they were tangent to the circular colony when 
the hyphae reached them. The observations were made only 
on the profusely growing aerial mycelium. As noted, its be- 
havior is, so far as radial habit is concerned, quite similar to 
that in the mycelium of the substrate. On reaching such a 
barrier some of the hyphae grow upward and over it, and on 
reaching the opposite side they continue their radial growth. 
Immediately after reaching the top of the barrier the hyphae 
grow horizontally a short distance (.5—1 mm.), but their course 
is soon diverted downwards toward the substrate, where they 
continue in the radial direction. There is a limit to the height to 
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which the hyphae will hurdle such barriers. Barriers higher 
than 3mm. proved to be too high and the hyphae merely mass 
themselves before the barrier. Many hyphae which do not 
grow over the barriers, especially those near their ends, tend to 
grow around them. They turn either to the left or right. 

That these hyphae are not plagiotropic, as would appear 
from figures 13 and 15, becomes apparent from petri dish 
cultures kept in vertical positions. The substrate mycelium 
is in every respect similar to that grown in cultures kept in 
horizontal position. The mycelium in the substrate of a 
vertically placed culture radiates usually in all directions; 
downwards, horizontally, upwards, and in every direction be- 
tween these extremes. All mycelial hyphae of Chaetomium 
appear to be unaffected by gravity, but will, when other con- 
ditions are equal, grow with similar profusion in all directions. 
Further evidence on this point is reserved for a future study. 

DISCUSSION 

It is commonly held that the directions of growth of plant 
organs are due largely to external stimuli, such as light, gravity, 
temperature, and chemical stimuli. In a growing tap root the 
gravity stimulus determines the downward growth. Secondary 
roots grow at right angles or obliquely to gravity, while tertiary 
roots grow in all directions. In a dry soil roots tend to grow 
toward moist parts. The radial directions of growth in the 
lateral roots of lupines, as observed by Noll (1894), cannot be 
attributed to the above stimuli, since the medium in which they 
grew was fairly uniform throughout. The stimuli which pro- 
duce the radial growth are perhaps to be sought in the plant 
itself. According to Schwendener (1878), during the plastic 
growing stage of an organism the production of a large number 
of organs or parts of organs on a limited area of the plant body 
results in a crowding, shoving, and sliding of cells and cell 
groups over one another. Movements then take place through 
growth or reduction of lateral organs which result in the most 
exact orientation of parts. The position of an organ on the 
plant body is, according to this conception, due to mechanical 
necessity. 

Where a number of spores germinate in a limited area, it 
is obvious that the crowding of the young hyphae may produce 
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a radial orientation about the spores. If we assume that 
fungous hyphae are mutually negatively chemotropic (Miiller, 
1922), and there is some evidence that many are so (figs. 17, 18, 
and Delitsch, 1926, fig. 2), continued radial growth would be 
the natural result. Crowding, competition for food, and mutual 
antagonism would fail, it seems to me, to account for the radial 
orientation of hyphae about a single spore. Possibly in the very 
early stages when the distance between the hyphae is relatively 
small, hyphal antagonism at the distances involved may play 
a part in their orientation, but the rapid radial growth away 
from the spore soon increases the distance between the ends of 
the radii to the point where mutual negative chemotropism 
seems improbable. Radial growth of lateral roots in the early 
stages may possibly be due to a mechanical adjustment, while 
the continued radial growth may be due to rektipetiotic factors. 
However, I am unable to connect this view with the behavior 
of fungous hyphae. Fungous hyphae, if not perfectly radial in 
the very early stages, as for example in figures 3 and 4, become 
radial as soon as other hyphae are produced. There does not 
appear to be any mechanical necessity in the radial orientation 
of the hyphae about the spore in cases of this kind. 

Czapek (1900, p. 307) stated that, generally speaking, a 
plant has no organs of sensation and the whole plant or an organ 
or a tissue may respond to external stimuli. This ‘Empfindungs- 
vermégen’ Czapek termed aesthesia, which, according to the 
external stimulus, is known as geoaesthesia, photoaesthesia, 
chemoaesthesia, mechanoaesthesia, hydroaesthesia, etc. Noll 
(1894, 1900) showed that the radial growth in the secondary 
roots of lupines is not due to stimuli which could be classed 
under any of the known stimuli, suggested that the form and 
position of the organism as a whole acts as a stimulus to its 
parts, and proposed the term morphaesthesia for the process 
which produces the radial growth in lateral roots. 

The possibility that Noll’s morphaesthesia is an expression 
of surface tensions is to be considered.- Noll (1903, p. 403) 
himself appears to be inclined to this view and states: 


Es variieren die Oberflachenkrafte——nicht nur mit der jeweiligen 
Gestalt, sondern bei gleicher Form auch mit der absoluten Grisse derselben, 
so dass alle Form- und Gréssenverhiltnisse eines Organismus in bestimmten 
Oberflichenspannungen zum Ausdruck kommen miissen, die man als ‘mor- 
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phostatische Oberflachenspannung’ oder kurz als ‘Formspannung’ bezeichnen 
kann. 


Kiister (1913), however, is of the opinion that tissue building 
processes are not to be explained in the light of surface tensions 
any more than are the varying figures which are exhibited in 
the borders of Liesegang ‘Diffusionsfelder’ in gelatine cultures. 

The radial arrangement of organs on the plant or animal 
organisms in early stages may be due to their orientation about 
the plastic cylindrical or spherical body. The cylindrical or 
spherical shapes owe their form to the fact that they are 
sufficiently plastic, or were so in the early stage, to permit the 
free expression of least surface configurations. 

The very striking fact about Noll’s roots, however, is that 
the radial growth is persistent at a considerable distance from 
the main tap root and that the radial direction is resumed after 
the original radial direction has been altered. That this resump- 
tion of the radial direction is due to the interaction of surface 
forces is difficult to see. 

In my cultures of fungous hyphae I have shown that the 
hyphae behave in a manner very similar to Noll’s lateral roots, 
and I am inclined to believe with Noll that the radial direction 
of growth is due to some such form tensions or stimuli as 
morphaesthesia. 

The author is greatly indebted to Professor R. A. Harper 
for the criticisms and suggestions he has so kindly given. 
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Explanation of plate 15 


All figures were drawn with the Abbe camera lucida. Figures 8, 10-12, 
14, 16, and 19 are magnified approximately 56 diameters; all other figures are 
magnified approximately 450 diameters. Unless otherwise mentioned the 
figures are of species of Chaetomium. 


Fig. 1. Early stages in the germination of Chaetomium spores, spherical 
germ tubes with one or two hyphal branches. 

Fig. 2. Later stage showing three radially arranged main branches. 

Fig. 3. Early stage with only two main branches. 

Figs. 4 and 5. The secondary branches have begun to appear. 

Figs. 6 and 7. Later stages with well developed secondary branches. 
General direction of growth of the primary secondary branches is radial. 

Fig. 8. Only two main primary branches have grown radially. 

Fig. 9. More pronounced radial growth of the mycelium produced by 
two or more spores. 

Fig. 10. Thirty or more spores grouped together. The colony shows 
conspicuous radial growth of the main mycelial branches. 

Fig. 11. Shows absence of mycelial development from the adjoining sides 
of secondary branches 6 and c. On the opposite sides a' and a there is abundant 
growth. 

Fig. 12. A main branch, a, has grown under a barrier and has resumed 
its original radial direction of growth. 

Fig. 13. Enlarged view of hypha a, of figure 12. 

Fig. 14. Behavior of hypha toward a barrier. 

Fig. 15. Enlarged view of hypha from figure 14. The hypha has first 
encountered a small barrier at x and then grown over a projection of the 
larger barrier y at ry and under a second projection at r'. Radial growth was 
resumed after point r' was passed. 

Fig. 16. A main hypha diverted from its original course (m-g) by the 
barrier, has grown around the barrier at m to o, and then followed a new direc- 
tion which was radial to the spore as a centre. 

Fig. 17. Some twenty spores arranged in a straight line. All hyphae tend 
to grow at right angles to the line of spores, and without touching, grow 
parallel to each other. 

Fig. 18. Young ascocarp of Sordaria in three-dimensional nutrient 
medium, showing secondary mycelium growing radially in all directions in the 
substrate. 


Fig. 19. A main branch and a secondary branch, after passing a barrier, 
have resumed directions of growth which are radial to the spore as a center. 
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Studies on the growth of root hairs in solutions 


VIII. Structural and intracellular features of collards in 
calcium nitrate 


Currrorp H. Farr 


(WITH THREE TEXT FIGURES) 


In the sixth paper of this series' there were presented certain 
structural responses of roots and root hairs of Georgia collards 
to various hydrogen-ion concentrations and molar concen- 
trations of calcium chloride. The responses of the root included 
the wrinkling of the cortex in acid solutions, the rupturing of 
the cortex in alkaline solutions, and the zonations of the root. 
The responses of the root hairs were for the most part those of 
amphibious root hairs, that is, hairs which had originated in 
air and then continued to grow in the solution. Some of these 
grew normally after immersion, while others took on different 
forms such as swollen, inflated, curved, capitate, branched, etc. 

The present paper includes a similar study of the same plant 
in calcium nitrate. In this case more attention is devoted to a 
study of the aquatic root hairs, that is, those which arise and 
develop entirely after immersion in the solution. In the follow- 
ing paper (IX) statistical data will be presented as to the growth 
rate, distribution, and spacing of root hairs, and as to growth 
rate, curvature, and zonation of roots in solutions of this com- 
pound. We are here concerned rather with types of data which 
do not lend themselves so readily to statistical treatment. 


SPACING OF ROOT HAIRS 


Typical views of the spacing of aquatic root hairs in solu- 
tions of calcium nitrate are presented in figure 2, /-4. The 
statistical study will show that there is wide variation in the 
spacing of hairs upon different roots in the same solution; but 
there is a tendency for the hairs to be farther apart in acid than 


‘Farr, C. H. Studies on the growth of root hairs in solutions—VI. 
Structural responses to toxic pH and molar concentrations of calcium chlorid. 
Am. Jour. Bot. 15: 171-178. 1928. The complete series is listed in connection 
with no. VII, Bull. Torrey Club 55: 223. May 1928. The present paper has 
been prepared for publication by Mrs. Wanda K. Farr since the sudden 
death of the author on 11 Feb. 1928. 
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in alkaline media, with neutral solutions having an intermediate 
relationship. The drawings here shown are, therefore, not to 
be considered as being merely typical of the concentrations in 
which the particular root sketched was growing. They repre- 


TABLE 25 


Forms of amphibious hairs of collards in calcium nitrate 
(a) Hydrogen-ion concentrations 


pH n und inf swo cur sic ng bra kin cap coa bur spa fla cro slo bea Total 
4.0 + + 2 
4.5 - + 4+ + + » 4 + 10 
5.0 + + + + + + + 7 
6.0 + + + + + + + + + + + + 2 
7.0 + + + + + + + + + + + 12 
7.5 + + + + + 5 
8.0 + + ++tet+tt t+ 4 10 
9.0 - +& & 4 - & + 4 8 
9.5 ~ + + ~ 4 
10.0 ~ + +e+ + + + + + + 11 
10.5 + . . - + -~_ + + + + + 11 
11.0 + + + + + 5 
11.5 + + + + 4 
FpH Pm CH £€& 2 ree £2 FF FS 8 2 2. lB 1 
(b) Molecular concentrations 
M n und inf swo cur sic ng bra kin cap coa bur spa fla cro slo bea Total 
0.004 + + + + 4 - + oo + + 10 
0.008 i > ae de ie a OO a 4 4 13 
0.012 + +. + + + + + + + + 7% + + 4. i4 
0.020 -~ + ede + + + + + + 10 
0.030 + + + + + rN 4 &. 4. 9 
0.060 ih & © 1, 7 
0.100 + + 3 
0.149 + + 2 
FM 8 5 7 6 5 5 6 4 2 4 3 3 2 2 1 2 3 


+ indicates the occurrence of the form of hair indicated by the symbol 
at the top of the column in the solution indicated at the left. 

FpH refers to the frequency of each type in the various pH concentra- 
tions; n, normal appearance; ng, no growth; inf, inflated; swo, swollen; und, 
undulated; cur, curved; sic, sickle-shaped; bra, branched; kin, kinked; spa, 
spatulate; cap, capitate; fla, flasked-shaped; cro, crooked; slo, sloped; bur, 
burst; coa, coagulated; bea, beaded. 


sent, rather, different types of distribution of hairs, more than 
one of which might be found in a single solution. Eleven hairs 
are shown in each sketch, beginning with the smallest hair at 
the right-hand side. The drawings are all made to the same 
scale. They show that the hairs are by no means equidistant, 
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though this condition is more closely approached where the 
spacing is greatest (fig. 2,7). On the other hand, they are 
frequently clustered in pairs, threes, or even fours or fives. In 
these cases, whether more than one hair arises from a single 
superficial root cell cannot be ascertained without sectioning. 
That more than one hair may arise from a single cell is clearly 
shown in some instances (fig. 2, 3), which will be described 
below. The solutions in which the hairs sketched were growing 
are as follows: (1), 0.060 M. at pH7; (2), 0.060 M. at pH 4.5; 
(3), 0.060 M. at pH 9.0; (4), 0.004 M. at pH 7.5. While there 
is a wide range of variation as to the spacing of the aquatic root 
hairs in any given solution, it may be stated in general, that in 
neutral and aicd solutions of high salt concentration there is 
a tendency to equidistant spacing; in alkaline solutions and in 
solutions of low concentration there is tendency toward cluster- 
ing of these root hairs. 


FORMS OF AMPHIBIOUS ROOT HAIRS 


The amphibious root hairs present a great variety of forms, 
the number being even greater in nitrate than in chloride, as 
shown in table 25. In all solutions studied there were amphibi- 
ous root hairs which appeared normal in shape, except in pH 4.0. 
It does not follow, however, that in all these solutions, root 
hairs previously growing in the air continued to grow in the 
solution without change of form. In fact it was observed that 
some of these supposed amphibious root hairs did not grow at 
all after immersion in many of the solutions. No such hairs 
were noted in 0.004 or 0.030 M. calcium nitrate, nor in any con- 
centration of this salt at pH 5.0 or 6.0. This does not mean, 
that such were not present in these solutions, inasmuch as no 
great effort was made to ascertain whether apparently amphi- 
bious root hairs were growing after immersion. It is, of course, 
a misnomer to refer to root hairs which did not continue to 
grow after immersion as amphibious: they should rather be 
called aerial root hairs. 

In 0.140 M solutions root hairs which had appeared before 
immersion failed to grow thereafter. Hence all root hairs in 
this, the highest molar concentration studied, were either aerial 
or aquatic. We thus have a case of toxicity becoming so ex- 
treme that it obliterates the amphibious habit, while still 
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permitting the origin of new hairs and their growth at a slower 
rate. The amphibious hair which changes form after immersion 
is an example of a structural expression of shock. If, as occurs 
in the swollen type of amphibious hair (fig. 1, 2), the hair later 
resumes its original diameter and direction, we have an illus- 
tration of complete recovery from shock. If the hair continues 
to grow, however, at a new diameter, as in the inflated type 
(fig. 1, 1), or in a new direction, as in the curved type (fig. 1,9), 
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Fig. 1. Abnormal root hairs of collards in solutions of calcium nitrate 
(description in text). 


we have a modification which may be interpreted as an adap- 
tation to a new environment. 

In 0.100 M calcium nitrate there were three types of root 
hairs; aerial, inflated amphibious, and acquatic. Thus we have 
an expression of a lower degree of toxicity than that produced 
by the 0.140 M solution. It would seem from this that the 
inflated type of root hair is the one which indicates the highest 
degree of toxicity; that is, if a solution will not support the 
growth of inflated root hairs it will not support the growth of 
any amphibious hairs; and some solutions are so toxic as to 
permit the formation of inflated hairs as the only type of am- 
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phibious hairs. This is further indicated by the results in 
calcium chloride (fig. 3), and by the fact that inflated hairs 
were also found in the most acid solution studied, pH 4.0, and 
in the most alkaline solution, pH 11.5. They were, however, 
not found in pH 8.0 or 10.5 or 11.0, which indicates that they 
are rather rare in very alkaline solutions. Nevertheless they 
were perhaps the most common type of modified amphibious 
hair observed. 

Swollen hairs, (fig. 1, 2), that is, those which enlarge at the 
tip upon immersion and then resume their original diameter, 
were found in all concentrations studied, except 0.100 and 0.140, 
and in all pH values, except 4.0, 4.5,9.5, and 11.5. It may be con- 
cluded, therefore, that they are characteristic of a lower degree 
of toxicity than are the inflated ones, since they do not occur 
at the two highest concentrations, nor at either the extreme 
acid nor at the extreme alkaline limits of growth. 

From the standpoint of frequency of occurrence, the third 
type of abnormality observed in amphibious root hairs was 
that designated as undulating. This type consisted of a wavy 
form, which differed from the beaded type, listed below, in 
that the bulge on one side is opposite a depression on the other, 
instead of having the bulge opposite, and alternating with 
depressions which are also opposite. They were seen in all 
concentrations of calcium nitrate up to 0.060, but were not 
found in this or higher concentrations. They occurred in all pH 
values except 4.0 and 11.0. They thus seem to be produced by 
low or medium concentrations which are not too acid or alka- 
line. They thus represent a still milder degree of toxicity than 
the swollen, especially as to molar concentration. 

Curved root hairs were found in 0.004, 0.008, 0.012, and 0.060 
M concentrations, but not in the others studied, namely, 0.030, 
0.100, or 0.140. They were found in all pH concentrations 
except 4.0, 9.0, 9.5, 11.0, and 11.5. This indicates that curved 
hairs are not common in alkaline solutions or solutions of 
higher concentration. 

A type of abnormality which occurred in calcium chloride, 
but which in the report of the work on that compound (VI) was 
included under curved, has here been considered separately, and 
is given the name sickle (fig. 1,9). It consists of a combination 
of swollen and curved types, that is, the tip enlarged upon 
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Fig. 2. Aquatic root hairs of collards in calcium nitrate. J. Eleven hairs 
showing spacing in 0.060 M. at pH 7.0. 2. Eleven hairs showing spacing 
in 0.060 M. at pH 4.5. 3. Eleven hairs showing spacing in 0.060 M. at pH 
9.0. 4. Eleven hairs showing spacing in 0.004 M. at pH 7.5. 5. Vacuolar 
changes in a hair in 0.020 M. at pH 10.0, drawn at two minute intervals. 
6. Beaded hair in 0.008 at pH 10.0. 7. Typical vacuolar and nuclear arrange- 
ments, 0.020 at pH 10.0. &. A duplex hair showing vacuoles in 0.020 at 
pH 7.0. The intervals are 30-30-150 minutes. 9. Beaded hair in0.012 at pH 
11.0 with glistening bodies. 10. Crooked hair in 0.012 at pH 11.0 with 
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immersion, and later growth was resumed at the same diameter, 
but in a progressively varying direction. This was found in 
0.004, 0.008, 0.020, 0.030, and 0.060, and in all pH values 
except 4.0, 4.5, 7.5, 11.0 and 11.5. It, therefore, like the curved 
type is not found in concentrated solutions or in alkaline solu- 
tions, and in addition is absent from very acid media. 

Branched amphibious root hairs (fig. 1, 3, 4, 7, 13,) were 
found in 0.004, 0.008, 0.012, and 0.020 M, but not in more con- 
centrated solutions. They were not found in pH values below 6, 
nor in those of 7.5, 9.5, or 11.5. This means that they are 
characteristic of low salt concentration, and neutral or low 
hydrogen-ion concentration. 

Another type of hair, is referred to here as kinked (fig. 1, &). 
It is a hair which does not enlarge at the tip upon immer- 
sion, but which resumes growth at the same diameter and 
in the same direction, but on a slightly different axis. It is 
found only in 0.008 and 0.012 M, and in pH 4.5, 6.0, 7.0, 8.0, 
10.0, and 10.5. It therefore seems to occur only in moderately 
low salt concentrations, but in almost any hydrogen-ion con- 
centration. 

Spatulate hairs (fig. 1, 5) were found in 0.008 and 0.012 M, 
and in pH 4.5 and 6.0. They likewise seem characteristic of 
moderately low salt solution, but are found only on the acid 
side. 

Capitate hairs (fig. 1, 12) on the other hand, are found in 
medium salt concentrations, and in acid, neutral, and slightly 
alkaline media. They were seen in 0.008, 0.020, 0.030, and 
0.060 M, and in pH 4.5, 6.0, 7.0, 8.0, and 9.0. 

Flask-shaped amphibious hairs (fig. 1, 6) occurred in 0.012 
M at pH 6.0 and 7.0. They are to be regarded as not fund- 
amentally different from the capitate and spatulate types. 

Crooked hairs (fig. 1, 10 and /1) were found in 0.004 and 
0.008 in pH 4.5 and 5.0. They therefore seem to represent the 
toxicity of acid solutions of low salt concentration. 





glistening bodies. 1J/—14. Hairs in 0.004 at pH 11.5 with glistening bodies 
15. Duplex hair in 0.012 at pH 9.0. Intervals, 60-30-30-60 minutes. 16 
Duplex hair in 0.008 at pH 10.5. 17. Hair in 0.008 at pH 10.0. Intervals: 
30 minutes. 1/8. Duplex hair in 0.020 M. at pH 7.0. Intervals: 3 hours. 
19. Dupiex hair in 0.008 M. at pH 9.0. Intervals: 30 minutes. 
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A new type of hair, not seen in calcium chloride or hy- 
droxide, is called beaded (fig. 2, 6). It was found in very alka- 
line solutions, pH 11.0, of 0.004 and 0.030 molar solutions. It 
is not a common type in these solutions. 

Sloped hairs are such as take a direction at an oblique angle 
from the horizon of the root. They were seen in 0.012, and 
0.030 M solutions of pH 10.0 and 10.5. They therefore are a 
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Fig. 3. Zonation and modifications of root hairs at high concentration 
of calcium chloride. 
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response to medium salt concentrations which are very alka- 
line. 

In considering then the effect of immersing the roots of 
collards in calcium nitrate solution upon root hairs already 
growing, it must be concluded that the most common effect is 
either cessation of growth or growth, at least temporarily, at an 
increased diameter. This latter may give us any one of the 
following types, according to the type of subsequent growth: 
inflated, swollen, sickle, branched, spatulate, capitate, flasked, 
crooked, or beaded. Instead of this they may, in quite alkaline 
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solutions of medium concentration, become sloped or in low 
concentrations become kinked or, in acid or neutral solutions of 
low or medium concentration they may become curved. These 
three types may all be looked upon as a disturbance of the 
direction of growth. Such a disturbance is also seen in the later 
development of crooked, sickle, and undulating, all three of 
which are also characteristic of low or medium solutions, 
especially if they are acid. We may therefore conclude that a 
disturbance in the diameter of the root hair is a response to th? 
shock of immersion in any solution, and that a disturbance of 
the direction of growth is an effect, immediate or subsequent, 
of immersion in a low or medium concentration. In low con- 
centrations also we may have the original diameter resumed, as 
in the branched, beaded, and swollen. But in all solutions 
growth may continue, if at all, at the new enlarged diameter, 
giving the inflated type, which is the only one found in very 
high molar solutions. 


INTRACELLULAR FEATURES OF AMPHIBIOUS HAIRS 


Some intracellular features of amphibious root hairs were 
noted in addition to the form changes. In some solutions, 
amphibious root hairs were observed to have burst (table 25, 
bur.). These were in acid and alkaline solutions of moderate 
concentrations. Coagulated (coa) protoplasm was observed in 
hairs in very acid or very alkaline solutions or even in neutral 
solutions of low and moderately low concentrations. The 
evidence here would indicate that concentration of the salt 
rather than pH may be the more important factor in coag- 
ulation of protoplasm of hairs already well developed before 
immersion. Miss Addoms (133) finds coagulation especially 
characteristic of root hairs in very acid solutions, pH 4.0 or 
below. 

A feature of amphibious root hairs, characteristic entirely 
of alkaline solutions, was the presence of glistening bodies. In 
some cases these had the form of isolated particles in the 
interior of the cell (fig. 2, 9, 10, 13, 14), and in other cases the 
entire tip glistened brightly (fig. 2, 11, 12). They were found 
in solutions of a pH of 9.0, 10.0, 10.5, 11.0, and 11.5, that is in 
all solutions more alkaline than 8.0, except 9.5. In the last 
named solution they may have been overlooked. They occur in 
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molar concentrations of 0.004, 0.008, 0.012, 0.020, and 0.030. 
They are therefore apparently prevented from forming by high 
concentrations of the salt. 


FORMS OF AQUATIC ROOT HAIRS 


Aquatic root hairs showed more abnormalities in calcium 
nitrate than in calcium chloride. The most common of these 
was the form known as duplex. It is similar to the branched, but 
we have applied that name only to the amphibious hairs which 
fork after growing for a time as a single hair. The duplex 
aquatic hairs, consist of two hairs arising immediately from a 
common base, and hence from a single superftcial cell of the 
root. How commonly they may occur upon a single root is 
shown in figure 2, 3. They were found in all concentrations up 
to 0.100, and in nearly all pH values 4.5 to 11.0. They occurred 
most commonly in moderate concentrations, 0.012, 0.020, and 
0.030, and in neutral to moderately alkaline media, pH 6.0 to 
9.0. A description of the vascuolar and nuclear movements 
within these duplex hairs is given below. 

Crooked aquatic root hairs occurred in low concentrations, 
0.004 and 0.008, and in high concentrations, 0.060, 0.100, and 
0.140. They seem to be very little related to the hydrogen-ion 
concentration of the solution, being found in pH 4.5, 5.0, 7.0, 
and 10.5. 

Inflated aquatic root hairs were seen in 0.100 M at pH 8.0 
and 10.5. They may therefore be regarded as a response to 
alkaline solutions of high concentrations. 

Capitate aquatic root hairs were found in 0.004, 0.008, 0.012, 
and 0.030, at pH 7.0, 9.0, 9.5, 10.0 10.5, and 11.0. They are 
therefore to be associated with alkaline solutions of low or 
moderate concentration. It is to be noted that the capitate 
amphibious hairs were most commonly found, on the other 
hand, in acid solutions. 

Kinked aquatic root hairs occurred in 0.004, 0.008, and 
0.012 M at pH 5.0, 6.0 and 9.0. This is quite the same type of 
solutions in which they were found among the amphibious hairs. 

Beaded aquatic root hairs were found in 0.004, 0.008, 0.012, 
and 0.030 M. at pH 10.0, 10.5, and 11.0. This is much the 
same occurrence as have the beaded amphibious hairs. 

Sloped aquatic root hairs appeared in 0.004, and 0.008 M. 
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at pH 10.5, and 11.5. It was noted above that sloped amphibi- 
ous hairs were also to be found in very alkaline solutions. 





TABLE 26 
Forms of aquatic root hairs of collards in calcium nitrate 
(a) Hydrogen-ion concentrations 


pH n cap dup _ cro_ kin’ bea cur inf slo und _ Total 
4.0 + 1 
4.5 + + + + 5 
5.0 + + 4 
6.0 + + + + + 
7.0 + + + + 4 
7.8 + + 2 
8.0 +4 + + 3 
90 + 4 + 4 
95 + 4 : 
10.0 + 4 + + 4 
10.5 + 4 + : t 7 
11 


So 
} 
} 
t 
nan 


11 


u 
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FpH 13 6 9 5 3 3 3 3 2 ? 


(b) Molecular concentrations 


M n cap dup _cro_ kin’ bea_ cur inf slo und Total 
0.008 + + + + + + + + 8 
0.008 + + + t + + + + - 9 
0.012 + 1. + 4 4 4 6 
0.020 + + 2 
0.030 + + + + 4 
0.060 + + + 3 
0.100 + : - 3 
0.140 + + 2 
FM 8 4 6 6 3 4 2 1 2 1 


For key to symbols, see table 25. 

Numbers in the last column refer to number of types of abnormalities 
and the normal type found in each solution respectively. Numbers in the 
other columns refer to number of roots upon which normal hairs were found 
in the respective solutions. 


Curved aquatic root hairs were recorded in 0.004, and 0.008 
M. at pH 4.5, 10.0 and 11.0. They are therefore found in low 
concentrations of very acid or alkaline reaction. The range of 
curved amphibious hairs was greater, but in that case also none 
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was found in very high concentrations, and they were fewer in 
the neutral solutions. 

Undulating aquatic root hairs were found in 0.008 M. at 
pH 4.5 and 6.0. They were therefore to be regarded as of rare 
occurrence as compared with their great frequency among am- 
phibious hairs. 

It is to be noted that there were many more abnormal root 
hairs of the amphibious type than of the aquatic. In many, if 
not most, cases only one root of the six observed in a given 
solution, showed hairs of the abnormal type noted. The number 
of roots with a given abnormality found in each concentration 
is indicated in table 26. 

It is also to be noted that not all of the types of abnormal- 
ities noted among amphibious hairs were also found among the 
aquatic. Those which did not occur among the latter root 
hairs were: swollen, sickle, spatulate and flask-shaped. There 
were also no instances of burst or coagulated aquatic hairs ob- 
served. 

In general the solutions having the most abnormal amphibi- 
ous hairs also were most likely to have abnormal aquatic hairs. 
These were the low molar concentrations of 0.004, 0.008, and 
0.012, and the hydrogen-ion concentrations near the limits of 
the range, that is, 4.5, and 10.5. This means that very acid and 
very alkaline hypotonic solutions give the greatest diversity of 
morphogenetic effects. 

In comparing the abnormalities of amphibious and aquatic 
root hairs in calcium nitrate, it is to be noted that while they 
are of common occurrence among amphibious hairs, they are 
to be considered as rather rare among aquatic hairs. Further- 
more there is very little evidence that the aquatic hairs alter 
their diameter markedly after beginning to grow. They may 
grow at a diameter which is greater than normal, but they do 
not ordinarily enlarge markedly after starting nor do they 
reduce their diameter at alater time. Their abnormalities seem 
rather to be either a matter of starting and continuing to grow 
at an unusually large diameter, or of changing their direction 
of growth. This change of directing of growth is found in the 
crooked, kinked, sloped, undulating, and curved types. The 
abnormally large diameter is represented by the inflated and 
capitate types. The only exception to the above is the case of 
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the beaded, which does result from a repeated change in 
diameter. 

In general there seem to be more abnormalities in the 
calcium nitrate than in the calcium chloride solutions. As al- 
ready noted the duplex aquatic hairs were not found at all in 
chloride, nor were the beaded aquatic or beaded amphibious 
hairs. Branched hairs were rarely seen in chloride, while being 
very common in nitrate. Undulating amphibious and aquatic 
hairs were also not found in the chloride. It would thus seem 
that the morphogenetic toxicity of nitrate is greater than that 
of chloride. 

VACUOLES 

The most common arrangement of vacuoles in single aquatic 
root hairs which was found in the calcium nitrate solutions is 
that represented in figure 2, 7. It consists of a terminal elong- 
ated vacuole, separated from an extension of the basal vacuole 
by a region of protoplasm, frequently containing the nucleus. 
The basal vacuole is evidently an extension of the vacuole of 
the cell proper, of which the root hair is an extension. This 
vacuolar arrangement was recorded as occurring in 0.020 M. 
at pH values of 4.5, 6.0, 8.0, and 10.0, and in 0.030 M. at pH 
values 7.0 and 9.0. The failure to record it at other concen- 
trations is not to be taken as evidence of its absence in them, 
as no specific effort was made to determine its occurrence. 

In some solutions it was noted that there were rather rapid 
changes in the vacuolar system. The four drawings indicated 
in figure 2 as 5a, b, c, d, respectively, represent the same root 
hair at successive two-minute intervals. This hair was growing 
in 0.020 at pH 10.0. The first stage shows the two vacuoles 
elongated and lying side by side with the nucleus and ambient 
cytoplasm between them. The left-hand vacuole is an ex- 
tension of the basal vacuole. Presently (0) the right-hand 
vacuole is seen to contract and withdraw from the base of the 
hair. This leads to a division of the left-hand vacuole into an 
apical and a basal portion. These two parts separate widely, 
the former moving to the apex of the hair and the latter with- 
drawing almost entirely into the cell proper. Meanwhile (c) the 
right-hand vacuole moves in a basal direction and enlarges 
mostly below the nucleus. It is now observed that the basal 
vacuole of the cell proper connects with the right-hand vacuole, 
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which in turn elongates terminally, and pushes up past the left- 
hand vacuole in the apex. The latter (d) now pushes down 
along the left-hand side of the nucleus, causing a resumption of 
the original vacuolar condition, except that now the right-hand 
vacuole constitutes an extension of the main vacuole, instead 
of the left-hand vacuole as originally was the case. Meanwhile 
it will be observed that the hair has elongated appreciably. 

It is apparent that in some instances, at least, these rather 
rapid vacuolar changes accompany rapid growth. They may 
have some relation to furnishing the tip of the root hair with 
an adequate supply of building material. They are evidently 
accompanied in many cases by active streaming of the cyto- 
plasm between the vacuoles. 

That the vacuolar situation is related to root hair elon- 
gation, is evidenced by a study of the duplex hairs. In many 
cases it was observed that one of the two hairs of the pair 
contained a vacuole which was an extension of the vacuole of 
the cell proper. The other hair contained a vacuole which was 
not connected with that of the superficial cell of the root. 
Almost invariably, as far as noted, the hair which contained the 
extension of the vacuole of the cell proper grew more rapidly 
than the other. In some cases the other hair did not grow at 
all. In figure 2, 8a, b, c, d, are shown successive stages of a 
duplex hair growing in 0.020 M. at pH 7.0, and drawn at suc- 
cessive intervals. The first three are drawn at 30 minute 
intervals, and the last after the lapse of 23 hours. It is to be 
noted that while both hairs grew at first when there was no 
secondary vacuole in the left-hand hair, the latter stopped 
growing very soon after the formation of such a vacuole. It may 
also be noted that, if the cytoplasm circulates around the ex- 
tension of the main vacuole, from right to left, it will surge up 
into the left-hand hair after it has passed through the right-hand 
hair, if no vacuole is present in the former. But after the for- 
mation of a secondary vacuole in the left-hand hair, and after 
it has elongated somewhat, there will probably be much less 
circulation of cytoplasm up into the tip of the left-hand hair, 
and hence less building material will be available. Thus it is 
seen that the existence of vacuoles in duplex hairs may alter 
the streaming of cytoplasm in such a way as to determine the 
rate of growth of the two parts. In fact it is not unlikely that 
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vacuolar relations are equally if not more important, than 
nuclear relations in this connection. 


NUCLEUS 

The nucleus was observed in many instances to be present 
in the root hair about 100 microns from the tip. This distance 
was, however, by no means constant. On the other hand many 
hairs of considerable length grew at a very rapid rate, without 
the appearance of the nucleus in the hair. No data as to the 
number of hairs containing and devoid of nuclei were recorded, 
but one gained the definite impression that there were approxi- 
mately as many of the one as of the other. 

Cases were noted of single hairs into which the nucleus 
moved from the cell proper, and then later migrated back, 
remaining there apparently permanently. In some instances, 
however, the nucleus was later observed to emerge again into 
the hair and to assume the characteristic position. Such re- 
lationship is shown in figure 2, /7, a, 6, c, d, e, f, which are of 
the same root hair grown in 0.008 M calcium nitrate at pH 10.0 
drawn at successive thirty minute intervals. It is to be noted 
in this case, that after the withdrawal of the nucleus into the 
cell, the diameter of the tip of the hair increases somewhat, 
giving the hair an inflated appearance. When the nucleus at a 
somewhat later time returned into the hair, the hair resumed 
its origina! diameter for growth. Judging from this sing's 
instance, then, it might seem that the presence of the nucleus 
has something to do with the extent of the area of cell wall 
deposition at the tip of the hair. It may be that the origin of 
inflated, capitate, spatulate, swollen, and other abnormal types 
of hairs may eventually be related to the effect of the solution 
upon the migration of the nucleus. However, at present the 
only evidence in this direction is that which has just been pre- 
sented in the drawing referred to above. 

Some evidence may be secured as to the relation of the 
position of the nucleus to root hair growth by a study of the 
duplex hairs. In some instances (fig. 2, 1/6) the nucleus takes a 
position at the region of juncture of the two hairs of the pair. 
In this case the two hairs are observed to grow at approxi- 
mately the same rate. However, so few hairs of this type have 
been seen, that generalization on the relation of the central 
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position of the nucleus to the growth rates of the two hairs is 
not warranted as yet. 

It was observed in some instances that the nucleus may 
move into one of the hairs and then retreat again to the cell 
proper. Such movements seem to have no relation to the rates 
of growth of the respective hairs. In the instance illustrated 
(fig. 2, 15, a, b, c, d, e) there are shown five drawings of the same 
hair at 45 minute intervals, growing in 0.012 M at pH 9.0. At 
first the right hair is longer, then the left hair gains the as- 
cendency. Soon thereafter the nucleus emerges from the cell 
proper into the hair which is growing more slowly, or which, in 
fact, has ceased growing. Later it retreats to the cell proper, and 
remains there to the close of the period of observation. On the 
basis of observations reported below, it might be expected that 
the nucleus would later emerge in the hair which was growing 
at a normal rate. The solution in which this duplex hair was 
growing was 0.020 M at pH 7.0. 

Several instances were found in which the nucleus migrated 
from one of the twin hairs to the other. In one such case (fig. 2, 
18a, b,) the nucleus moved into a hair which had ceased growing 
or, at least, did not grow appreciably thereafter, and then 
migrated over to the other hair which was growing at a normal 
rate. The time interval between the two sketches in this case 
was three hours; and the solution was 0.020 M at pH 7.0. 

Another duplex hair was studied more intensively in this 
regard. At first both hairs grew at about the same rate, the 
right a little faster. Into this hair the nucleus emerged from the 
cell proper. Almost immediately the other hair began growing 
faster, and finally equalled and exceeded the right hair in length. 
A short time after this had happened, the nucleus was observed 
to move around into the hair which now was growing the more 
rapidly (fig. 2, 19 a, b, c, d, e, f, g). Drawings made at 30 minute 
intervals are shown of these stages of growth and nuclear 
migration. The root was growing in a solution of 0.008 M at 
pH 9.0. 

From the data here presented it might be suggested that 
the nucleus may have some inhibitory effect upon the elon- 
gation of the hair in which it is located. Three instances are 
shown and drawn in which the hair of the duplex into which the 
nucleus moved ceased growing almost immediately thereafter. 
































1928] FARR: GROWTH OF ROOT HAIRS 545 


That such an inhibitory effect is chemical can hardly be as- 
sumed, because of the common occurrence of nuclei in single 
root hairs which grow normally. It is, however, conceivable 
that the nucleus may retard and even stop growth in one of a 
pair of duplex hairs, due simply to mechanical obstruction of the 
streaming protoplasm. It is obvious that the rapid elongation 
of the root hair must mean a very rapid transport of cell wall 
building material, especially the carbohydrates, like the pectic 
bodies, to the tip of the root hair where they are deposited. 
Any obstruction to such transport, it would seem, will most 
certainly retard elongation. In the case of the duplex hairs, 
such an obstruction may result in the diversion of the streaming 
almost entirely to the other hair, resulting in complete cessation 
of growth in the hair in which the obstruction lies. This seems 
to be the relationship of the nucleus to these hairs which cease 
elongating. In the case of single hairs, it has been shown (fig. 
2, 17) that the withdrawal of the nucleus may result in a growth 
at a broader diameter. It is conceivable that the removal of the 
obstruction may have allowed a sudden influx of material, which 
was then deposited simultaneously over a larger area, rather 
than held in reserve for deposition at a slightly increased rate 
over the same area. 

The explanation of the migration of the nucleus from the 
hair which has ceased growing or is growing much more slowly, 
is, however, not quite so apparent. It has been assumed that 
the nucleus in one hair obstructs the protoplasmic streaming in 
that hair, while it goes on rapidly in the other. Unfortunately 
the hairs of Brassica oleracea are not suited for the study of 
protoplasmic streaming, because of their small diameter, and 
the absence of particles in the protoplasm. It is to be hoped 
that some plant which shows streaming in the root hairs more 
favorably will be found, which will also produce duplex hairs in 
these solutions. From the data at hand, however, it seems that 
the nucleus tends to move, whether passively or not, toward the 
region of greater activity. This activity consists in more rapid 
growth rate, and doubtless also more rapid cytoplasmic stream- 
ing. 

As has already been noted, Haberlandt (7) and his student, 
Windel (39) have concluded that the position of the nucleus in 
the hair is to be taken as evidence that the nucleus is an active 
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factor in the growth of the root hair. The evidence here pre- 
sented from a study of these duplex hairs, on the other hand, 
indicates that such a conclusion is not justified. The root hair 
apparently does not grow rapidly because of the presence of the 
nucleus; but it seems rather to be true that the nucleus may be 
present because the root hair is growing rapidly. As was shown 
above (fig. 2, &) it is likely that the vacuoles play a more im- 
portant part in determining the growth of the root hair than 
does the nucleus. It seems, in fact, that the presence of the 
nucleus in the hair, instead of stimulating its elongation, may 
act as a retardant, by constituting an obstruction to the free 
flow of materials. 
DISCUSSION 

The migrations of the nucleus into and out of single and 
duplex hairs, and from one hair of a pair to another, and the 
more or less rapid change in the form, size, and connections of 
the vacuoles, together with the protoplasmic streaming which 
has been observed in root hairs of numerous species, and is 
especially prominent in aquatics such as Hydrocharis, Trianea, 
Limnobium, all point to the conclusion that the growing root 
hair is the seat of very active intracellular phenomena. The 
changes in form of the root hairs, which consist in changes in 
diameter at the tip, or changes in direction of growth of the 
tip, together with the observations of others, especially Ziegen- 
spek (41, 42) as to the difference in chemical composition of the 
tip, all indicate that the growth of the hair takes place by the 
deposition of wall material over a restricted area at the very 
tip. In the simple salt solutions which have thus far been used 
in these experiments, very little material for wall formation 
enters from the outside. In the solution used in the present 
study there is only water and calcium nitrate. Of this latter 
material the calcium is probably the only constituent which is 
used in wall formation. The work of Miss Howe (12) has shown 
that the cell wall consists of callose and calcium pectate. 
Ziegenspek finds that the tip is largely if not entirely amyloid. 
It would seem then that the substance of which the new primary 
wall is constructed at the tip of the hair is of internal origin, 
arising in this case from the carbohydrates stored in the seed, 
and transported to the root hairs of the young seedling. There 
must be therefore a constant and very rapid transport of carbo- 
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hydrate into the root hair to enable it to grow at a rate of as 
much as 100 microns or more an hour. Any obstacle like a 
nucleus or a vacuole is likely to retard elongation, unless it is so 
placed as to divert the streams of protoplasm toward the tip, 
rather than to form eddies and return them to the cell proper 
without reaching the tip. 

But this transport of carbohydrate to the tip is not the only 
type of conduction involved in the root hair. The calcium enters 
presumbably along the lateral sides of the root hair and also 
perhaps at the tip. It is partly or largely deposited as calcium 
pectate, either through alteration of the amyloid as a source of 
carbohydrate, or, what is more likely, by an exchange with 
potassium of potassium pectate in thecell sap. In the latter case 
there would then be a transportation of potassium pectate into 
the root hair as well. We thus have the movement of calcium 
and of carbohydrate for secondary wall formation. 

There is furthermore additional movement of inorganic ions. 
Carbon dioxide is formed in all of the cells of the seedling root 
and is carried out from cell to cell to the surface. Inasmuch as 
the surface of the root hairs is as great or greater than that of 
the remainder of the root, much of this carbon dioxide will find 
its way into the root hair before being liberated into the solu- 
tion. Some of this carbon dioxide will be given off in exchange 
for nitrate ions. In alkaline solutions, especially, it is likely to 
be given off in exchange for hydroxyl ions. Inasmuch as so 
much calcium is used in the root hair, and inasmuch as calcium 
is the only element absolutely necessary for their growth it 
might be concluded that more calcium would be absorbed than 
nitrate. However, Hoagland and Davis (110) working with 
barley, and Hibbard (108) working with wheat, find that from 
calcium nitrate solutions more nitrate is abosrbed than calcium. 
This is, however, probably to be interpreted not as evidence of 
a greater utilization of the nitrate in the root hair, but of a 
greater permeability of the membrane to nitrate ions. This 
may, in fact, be due to a greater supply of anions, especially 
CO, to exchange for the nitrate, than there are of cations, 
especially K, to exchange for the calcium. 

We are thus to picture an exchange of ions at the surface of 
the root, the cation, Ca, going in, and the cations, K and H, 
coming out in exchange; the anions NO; and OH going in, and 
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the anion CO, coming out. Whether or not the H ion passes 
into the root, even from acid solutions, may be open to question. 
There is always carbon dioxide coming out, and it is conceivable 
that these CO, ions may come from inside to the surface of the 
root hair accompanied by K ions, which, however, do not pass 
out of the root hair, but are exchanged at the surface for the H 
ions already present in the solution. It is also doubtful if OH 
ions pass out into the solution from the hairs, inasmuch as the 
other anion, COs, is probably always present in sufficient 
amount. 

To complete the picture we must think of the potassium 
ions as accompanying the nitrate ions on their journey into the 
root proper from the root hair. These potassium ions came 
originally from their storage place in the seed. They have 
passed into the root hair in company with organic anions such 
as pectate and oxalate, and also perhaps with the inorganic 
anion, CO:. Here at the cell wall or on the cell interior they are 
exchanged for calcium or perhaps hydrogen ions, being them- 
selves left in the root hair, to travel back into the root with NO; 
or OH ions. It hasalready been pointed out (VII) that the root 
responds differently to various hydrogen ion concentrations of 
calcium hydroxide solutions than does the root hair. This was 
explained on the basis of the deposition of the calcium in cell 
wall formation of the root hair, and the penetration of the 
hydroxy] ion into the region of cell elongation of the root proper. 

Popesco (183) has published a long paper in which he pre- 
sents much data, and arrives at the conclusion that the region 
of absorption of the root varies somewhat in different plants, 
but that it usually embraces the hairless portion below the 
region of root hairs, as far as the meristem, and also the region 
of youngest root hairs. He decides that the root hairs rapidly 
lose their ability to absorb, and become an impervious tissue. 
Even if his conclusions are fully accepted, there would be no 
doubt but that the aquatic root hairs up to the age studied in 
this series of papers, that is, three to five hours, would be ab- 
sorbing organs. However it is not quite certain that his con- 
clusions should be accepted without critical examination. It 
will be observed that he grew the root hairs in air, then im- 
mersed the root, and studied the same root hairs after immer- 
sion. His data are then based entirely upon amphibious root 
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hairs. We have shown that these amphibious hairs do not usually 
behave normally. Their protoplasm may coagulate, they may 
cease growing, without visible evidence of injury, or they may 
take on bizarre types of growth. The failure of these hairs to 
absorb dyes, therefore, does not necessarily demonstrate that 
they are normally impervious structures. Furthermore the 
absence of absorbed dye, even if the hairs were normal, would 
not mean that they did not absorb water or even inorganic 
mineral ions. 

Strugger (201) has recently published an extensive study of 
vacuolar conditions and streaming in root hairs of barley in 
different hydrogen ion concentrations. His method consisted 
of cutting off the root and mounting it on a slide in a sodium 
acetate buffer solution. In view of the evidence obtained by 
others as to streaming as a traumatic response, the question 
may be raised as to the validity of this evidence as reflecting the 
normal condition in these root hairs. He studies these root hairs 
in a range of hydrogen ion concentrations which seem to us 
exceedingly narrow, pH 5.60 to 6.80. The normal condition he 
defines as the same situation as we have above refered to as 
normal (fig. 2, 7). This condition he finds at 6.80 to 6.40, and 
at 6.10 to 5.90. At hydrogen ion concentrations just above 
(lower pH) each of these ranges he finds no apical vacuole, and 
at a little higher concentration still in each case, numerous 
small vacuoles. He regards pH 5.6 as the lethal boundary. He 
thus obtains a bimodal curve for vacuolar condition, and also 
finds a similar curve for streaming, although he presents no 
tables of data or percentages of instances. He attempts to 
interpret these bimodal curves on the assumption that the 
isoelectric point of the nucleus is 6.35 and that of the cytoplasm 
is at 6.15. But he comes to the conclusion that this interpre- 
tation will not hold, inasmuch as the results are different under 
different conditions. 

In two recent papers reviewing the cancer problem, Sokoloff 
(202, 203) comes to the conclusion that 


The cellular anarchy, which is connected with the biological process of the 
rejuvenescence of ceils, has its origin in the alterations of the cellular mem- 
brane and of the cellular lipoids. The nuclear alterations, which have been 
observed in the cancerous cells are secondary phenomena, resulting from the 
breaking of the lipoid equilibrium in the tissues. 








550 BULLETIN OF THE TORREY CLUB [VOL. 


55 


In view of this conclusion it is interesting to note the present 
tendency to avoid attempting to relegate all forms of cellular 
activity to nuclear influence, and to explain the behavior of the 
nucleus, in part at least, as the result of external influence upon 
it. In our interpretation of the growth and behavior of root 
hairs, and the intracellular phenomena associated with them, 
we have endeavored to reduce it to a physico-chemical basis, 
as far as possible, correlating it with cell wall activity, rather 
than attributing it to a deep seated nuclear influence. 

Biological thought a century ago was concerned very much 
with the consideration of the usefulness or the uselessness of 
organs or functions. It was considered that the organism 
responds toa change of the environment by becoming modified 
in such a way as to be fitted to live under the new conditions 
better than if it had remained unchanged. This concept was 
included in the term, adaptation, and played a very important 
part in the contributions of Lamarck and Charles Darwin and 
their contemporaries. More recently the modifications brought 
about by changed environment have been interpreted rather 
from the physico-chemical standpoint, their usefulness or use- 
lessness being regarded rather as incidental or accidental. 
Recent biologic literature is replete with studies on the so- 
called toxicity of chemical entities, and with the modifying 
effects of light, temperature, electricity and various types of 
radiations. The question has been brought forcefully to the 
popular mind, through the evidence of shock occurring in war, 
and the resultant rapid or slow recovery or permanent injury. 
This medical aspect of the problem has largely been related to 
the changes occurring in the nervous system of human beings. 
The phenomenon of shock and recovery can, however, be shown 
to exist in all quite different types of cells as well, and may be 
regarded as a fundamental cellular property. It is, in fact, well 
demonstrated in its structural aspect, at least, in these amphibi- 
ous root hairs described above. 


There is, in some instances, serious injury, resulting in 


death of the cell. This may be so extreme as to consist of 
bursting or coagulation of the protoplasm. In other less severe 
cases, the constitution of the protoplasm remains unchanged 
apparently; but the hairs cease growing. At the other extreme 
there are those very young amphibious hairs which show no 
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structural or functional modification at all. It has been shown 
(V, text fig. 11) that this occurs only in solutions supporting an 
optimum growth rate. In other solutions the least injured 
hairs show no structural modifications, but they do cease 
growing for two to four hours, and then resume it at the original 
diameter and direction. This isin fact the minimum exhibition 
of shock and recovery. The next type in order is the so-called 
swollen amphibious root hair, in which there is a temporary 
modification of diameter, followed by a resumption of growth 
at the original width. Here with a minimum structural demon- 
stration the kinked hair would be coordinate with the swollen 
in this respect of shock and rapid recovery. The branched type, 
however, shows almost as little injury. The effect is temporary, 
but there is a permanent modification, due to a subdivision 
of the growing zone. In the flask-shaped hair, there is an 
instance of shock and gradual recovery. The inflated and the 
capitate hairs show permanent unchanging injury; while the 
spatulate hair constitutes a case of accelerating injury with 
time, inasmuch as it is progressively getting broader and 
broader. Other instances of this same sort of reaction are found 
in the curved and sickle, in which the shock is followed by a 
progressive change in direction. Then there are cases in which 
the shock has set up a rhythmical periodicity in which there is 
a recurrence of the new condition alternating with a return to 
the original; such are the undulating and beaded types of am- 
phibious hairs. The most severe injury exhibited morpho- 
logically, and standing next in order to the type which does not 
grow at all, though appearing unchanged, is the crooked type, 
which has apparently lost all sense of conformity to a system 
of growth. It is undoubtedly a far cry to attempt to correlate 
these cellular reactions with the psychological and physio- 
logical cases of shell shock. And yet there seems to be a paral- 
lelism, which serves to emphasize the fundamental nature of 
protoplasm, and the unity of life as it occurs on the earth. 


SUMMARY VIII 


73. In neutral and acid solutions of high salt concentration 
there is a tendency toward equidistant spacing of the aquatic 
root hairs. In alkaline solutions and in solutions of low salt 
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concentration there is a tendency toward clustering of these 
root hairs. 

74. Amphibious root hairs are found to respond in various 
ways to transfer to the solution. The differences in these 
responses are attributable in part to the composition of the 
solution, in part to the age of the hair, and in part to the 
individual differences between the hairs. The series of modifi- 
cations in order from most severe to least effect is as follows: 
bursting, coagulating, no growth without visible alteration, 
crooked, sickle, curved, spatulate, beaded, undulating, inflated, 
flask-shaped, branched, kinked, swollen, temporary cessation 
of growth without visible alteration, temporary retardation of 
growth rate, without visible alteration, no alteration of growth 
rate of structure. This series may be correlated with types of 
shock and recovery. 

75. Aquatic root hairs do not display so many types as do 
the amphibious. There are: crooked, inflated, capitate, curved, 
undulating, beaded, sloped, kinked, and duplex. Of these the 
last-named was the most common type. More abnormalities 
occur in the calcium nitrate than in calcium chloride. 

76. The usual vacuolar arrangment consists in one terminal 
elongated vacuole, and a basal vacuole, which consists of an 
extension of the vacuole of the cell proper. In some instances 
rapid changes in form, size, and division and fusion of these 
vacuoles were seen to take place. Some evidence was obtained 
especially from a study of duplex hairs, which indicates that 
the vacuolar complex may effect the rate of root hair elongation, 
by determining the freedom of flow of building materials to the 
tip of the root hair. 

77. The nucleus most commonly lies in the protoplasm 
between the two vacuoles and moves along at a rather constant 
distance behind the tip. It is however not present in many 
hairs which appear to grow normally. It may enter a hair and 
then retreat to the cell proper again, or it may move from one 
hair of a duplex which is not growing well into the other which 
is already growing more rapidly. It is concluded therefore that 
the nucleus tends to move toward the region of most rapid 
growth; but it is thought that the nucleus does not cause the 
rapid growth, but rather that its presence may bring about 
retardation, due to interference with lines of flow of cytoplasm. 
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78. The paths of movement of organic and inorganic ions 
during the growth of root hairs in such a solution as calcium 
nitrate are discussed, and correlated with the observations so 
far made. 
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A CORRECTION 

A misstatement in no. VII of this series of Studies (Bull. 
Torrey Club 55: 238. May 1928) should be corrected: 

The culture solutions described in paragraph 2 (page 238) 
were prepared from a 0.0114 M stock solution of calcium oxide 
(rather than from a saturated solution of calcium hydroxide) 
by the addition of 1.0, 1.25, 1.5, 1.75, 2.0, and 4.75 cc. each to 
one liter of distilled water, so that the resulting molar con- 
centrations were: 110-7, 140-7, 179-7, 200-7, 230-7, and 5407’. 
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Graves, E. W. A report of the Iowa Botrychiums. Am. Fern 
Jour. 18: 97-98. S 1928. 

Gundersen, A. Flower structures of Dicotyledons. Torreya 
28: 70-73. illust. Au 1928. 

Hall, H. M. Laya nom générique proposé comme addition a 
la liste des nomina generica conservanda. Candollea 2: 
515-519. Au 1926. 

Halma, F. F., & Haas, A. R. C. Effect of sunlight on sap 
concentration of Citrus leaves. Bot. Gaz. 86: 102-106. 
15 S 1928. 

Harms, H. Eine neue Gattung der Leguminosae—Papili- 
onatae aus Peru. Notizbl. Bot. Gart. Berlin 10: 387-388. 
20 Je 1928. 


Raimondianthus platycarpus gen. et sp. nov. 


Harrar, E.S. A stain combination for phloem tissues of woody 
plants. Bot. Gaz. 86: 111-112. f. 7. 15 S 1928. 
Harshberger, J. W. Mediterranean garigue and macchia. 
Proc. Am. Philos. Soc. 65: 56-63. pl. 1-4. 1926. 
Herrera, F. L. Chloris cuzcoensis. 1-222. Cuzco, Jl 1926. 
Hitchcock, A. S. Two new grasses, Psammochloa mongolica 
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from Mongolia and Orthachne breviseta from Chile. Jour. 
Wash. Acad. Sci. 17: 140-142. f. J, 2. 19 Mr 1927. 

Hollick, A. Jsotria verticillata on Staten Island, New York. 
Torreya 28: 69-70. pl. A, B. Au 1928. 

Holman, R. M., & Robbins, W. W. Elements of botany. 
i-vii, 1-380. f. 1-241. New York, John Wiley & Sons, 
1928. 

Holmes, F. O. Accuracy in quantitative work with tobacco 
mosaic virus. Bot. Gaz. 86: 66-81. f. I1-3. 15 S 1928. 

Holmes, F. O. Cytological study of the intracellular body 
characteristic of Hippeastrum mosaic. Bot. Gaz. 86: 50-58. 
pl. 3. 15S 1928. 

Holmes, F. O. Ultra-violet light photography in the study of 
plant viruses. Bot.Gaz. 86: 59-65. pl.4.+f.1. 15S 1928. 

Hultén, E. Pinus pumila Regel. Pflanzenareale 1:33. map 19. 
1926. 

Jaques, H. E. The prolificness of some common plants. Proc. 
Iowa Acad. Sci. 33: 135-136. 1926. 

Johnston, I. M. Some notes on Chilean relatives of Plantago 
patagonica Jacq. Rev. Chilena Hist. Nat. 30: 13-18. 1926. 

Keeler, H. L. Our northern shrubs. i—xxxiii, 1-521. <llust. 
New York, Charles Scribner’s Sons, 1925. 

Kirkwood, J. E. Botany in high school and college. School 
Sci. & Math. 27: 913-918. D 1927. 

Kiimmerle, J. B. On a confounded North American fern. 
Magyar Bot. Lapok. 25: 64-65. 1927. 

Lindly, J. M. Flowering plants of Henry County, lowa—II. 
Proc. Iowa Acad. Sci. 34: 133-137. 1927. 

Loehwing, W. F. Preliminary report on amino acid synthesis 
in plants. Proc. Iowa Acad. Sci. 34: 115-118. 1927. 

McAtee, W. L. An account of poisonous sumachs, Rhus 
poisoning, and remedies therefor. Med. Rec. 97: 771— 780. 
8 My 1920. 

MacDougal, D. T., & Smith, G. M. Long-lived cells of the 
redwood. Science II. 66: 456-457. 11 N 1927. 

Mackie, W. W. Inheritance of resistance to rusty blotch in 
barley. Jour. Agr. Res. 36: 965-975. f. 1-5. “1 Je’ S 
1928. 

Malta, N. Die Ulota-Arten Siid-Amerikas. Acta Horti Bot. 
Univ. Latviensis 2: 165-206. pl. f, 2+f. 1-22. 1927. 
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Mansfeld, R. Orchidaceae Amazonicae Hiibnerianae. Notizbl. 
Bot. Gart. Berlin 10: 378-382. 20 Je 1928. 

Martin, G. W. Notes on Iowa fungi—1925. Proc. lowa Acad. 
Sci. 34: 139-144. f. 1-4. 1927;—1926. Proc. lowa Acad. 
Sci. 34: 145-148. f. 7, 2. 1927. 

Massalango, C. Revisio critica Hepaticorum quas in Re- 
publica Argentina Prof. C. Spegazzinius legebat, additis 
(speciebus) novis. Atti Reale Ist. Veneto Sci. 87: 215-251. 
pl. 1-5. 20 N 1927. 

Matsumoto, T. Preliminary note on some serological studies 
of Aspergilli. Phytopathology 18: 691-696. Au 1928. 

Maxon, W.R. A new tree fern from Haiti. Jour. Wash. Acad. 
Sci. 18: 316-317. 4 Je 1928. 


Hemitelia minuscula, sp nov. 


Maxon, W. R. Pteridophyta of Porto Rico and the Virgin 
Islands. Sci. Sur. Porto Rico & Virgin Islands 6°: 373-521. 
15 Je 1926. 

Melchior, H. Plantae Steinbachianae—III. Notizbl. Bot. 
Gart. Berlin 10: 345-351. 20 Je 1928. 

Millan, A. R. Las especies del género *‘ Nicotiana’’ de la flora 
Argentina. Fac. Univ. Buenos Aires Rev. Agr. et Vet. 6: 
169-216. pl. 12-17 +f. 1-11. Jl 1928. 

Millan, A. R. Notas criticas sobre las “‘Nicotianas’’ de la flora 
Argentina. Fac. Univ. Buenos Aires Rev. Agr. & Vet. 2: 
(1-19). allust. 1926. 

Mille, P. L. Nova recensio Cryptogamarum vascularium 
Ecuadorensium 0 sea nuevo catalogo de las Cryptogamas 
vasculares del Ecuador. Rev. Col. Nac. V. Rocafuerte 9: 
191-226. tllust. 1927. 

Nicholson, H. The taxonomic value of style color in the genus 
Antennaria. Proc. lowa Acad. Sci. 33: 129-130. 1926. 

Neidenzu, F. Malpighiaceae—lI, II. Pflanzenreich 4!'*!: 
1-246. f. 1-24. 28F 1928: 247-572. f. 25-41. 19 Je 1928. 

Northrop, A. R. Through field and woodland. i-xx, 1-532. 
tllust. New York, G. P. Putnam’s Sons, 1925. 

Ostenfeld,C.H. Meeresgriser—I. Marine Hydrocharitaceae. 
Pflanzenareale 1: 35-38. maps 21-24. 1927;—II. Marine 
Potamogetonaceae. Pflanzenareale 1: 46-50. maps 34-39. 
1927. 
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Osterhout, W. J. V. Some aspects of bioelectrical phenomena. 
Jour. Gen. Physiol. 11: 83-99. f. 1, 2. 20 Je 1927. 

Pammel, L. H. Weeds of California and their relation to 
weeds in other sections of the country. Proc. lowa Acad. 
Sci. 34: 153-163. allust. 1927. 

Pammel, L. H., & King, C. M. Studies on germination of 
trees and woody plants, continued. Proc. lowa Acad. Sci. 
33: 97-119. f. 1-35. 1926. 

Parsons, F. T. How to know the ferns. A guide to the names, 
haunts, and habits of our common ferns. i-xiv, 1-215. 
New York, C. Scribner’s Sons, 1925. 

Papp, C. Einige neue formen von Melica aus Siidamerika. 
Notizbl. Bot. Gart. Berlin 10: 352-358. f.4,5. 20 Je 1928. 

Pax, F. Acer L. I. Gesamtareal der Gattung Acer und einiger 
Sektionen-Verbreitung einiger Sektionen der Gattung Acer 
zur Tertiirzeit. Pflanzenareale 1: 4-5. maps 4,5. 1926; 
45-46. maps 31-33. 1927. 

Pax, F. Buxaceae KI. et Gcke. Pflanzenareale 1: 82. map 70. 
1927. 

Pax, F. Die Verbreitung der Gattung Sapium. Pflanzenareale 
1: 26. map 13. 1926. 

Pax, F., & Hoffmann, K. Einige neue Euphorbiaceae. Notizbl. 
Bot. Gart. Berlin 10: 383-386. 20 Je 1928. 

Peckham, E. A. S. Naturalizing bulbs. Jour. N. Y. Bot. 
Gard. 29: 217-222. f. 1-3. S 1928. 

Peirce, G. J. The physiology of plants. The principles of 
food production. i-x, 1-363. New York, H. Holt & Co., 
1926. 

Phipps, I. F. Heritable characters in maize. XXXI—Tassel 
seed-4. Jour. Heredity 19: 399-404. f. I-3. S 1928. 

Pieters, A. J. The proper binomial or varietal trinomial for 
American mammouth red clover. Jour. Am. Soc. Agron. 
20: 686-702. Jl 1928. 

Pittier, H. Arboles y arbustos nuevos de Venezuela. Bol. 
Mus. Com. Venezuela 8 & 9: 1-29. S 1927. 

Pittier, H. Some errors and mistakes in taxonomic botany. 
Jour. Washington Acad. Sci. 18: 206-212. 19 Ap 1928. 
Describes Callistylon gen. nov. 

Pittier, H. Studies of Venezuelan Bignoniaceae—I. Cerato- 
pbhytum, a new genus of vines. Jour. Washington Acad. 
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Sci. 18: 61-66. 4 F 1928;—II. Species of Amphilophium. 
170-172. 19 Mr 1928;—III. New species of the genus 
Arrabidaea. 333-343. 19 Je 1928. 

Prescott, G. W. A brief summary of work on Iowa algae. 
Proc. lowa Acad. Sci. 34: 111-113. 1927. 

Proebsting, E. L. Further observations on structural defects 
of the graft union. Bot. Gaz. 86: 82-92. f. 1-6. 15S 1928. 

Ransier, H. E. Ferning out of season. Am. Fern Jour. 18: 
80-86. f. 4-7. S 1928. 

Raper, K. B. Studies on the frequency of water molds in the 
soil. Jour. Elisha Mitchell Sci. Soc. 44: 133-139. S 1928. 

Reed, G. M. Japanese and Siberian Irises. Jour. N. Y. Bot. 
Gard. 29: 235-238. S 1928. 

Rehder, A., & Chaney, R. W. A new poplar (Populus pilosa) 
from the eastern Altai Mountains. Am. Mus. Nov. 292: 
1-8. f. 1-3. 30 N 1927. 

Richards, O. W. Changes in the sizes of veast cells during 
multiplication. Bot. Gaz. 86: 93-101. f. /-5. 15S 1928. 

Robinson, B.L. The woody species of Eupatorium and Ophryo- 
sporus occurring in Mexico. Contr. U. S. Nat. Herb. 23: 
1432-1470. 1926. 

Romell, L. Basidiomycetes from Juan Fernandez, collected 
by C. Skottsberg. Nat. Hist. Juan Fernandez & Easter 
Islands 2: 465-471. illust. 31 Jl 1926. 

Rosen, H. R. Variations within a bacterial species—I. Mor- 
phologic variations. Mycologia 20: 251-275. pl. 29-33. 
1S 1928. 

Rosenvinge, L. K. Marine algae collected by Dr. H. G. 
Simmons during the 2nd Norwegian Arctic Expedition 
in 1898-1902. Rep. Second Norw. Arctic Exped. 1898- 
1902. 37: 3-40. f. 1-8. 1926. 

Rost, E. C. Echinocactus Parryi Englm. Zeits. Sukkul. 3: 
283-287. illust. 25 Jl 1928. 

Saunders, C. F. The wild gardens of old California. 1-24. 
tllust. Santa Barbara, 1927. 

Saunders, C. F. With the flowers and trees in California. 
1-286. illust. New York, McBride Co., 1923. 

Schaffner, J. H. Fluctuation in Equisetum. Am. Fern Jour. 
18: 69-79. S 1928. 
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Schellenberg, G. Connaraceae R. Brown, Pflanzenareale 2: 
5-7. maps 6,7. 1928. 

Schulz, O. E. Zwei neue Cardamine-Arten aus Colombia. 
Notizbl. Bot. Gard. Berlin 10: 341-342. 20 Je 1928. 

Setchell, W. A., & Watson, M. G. Some ecological relations 
of the hypogaeous fungi. Science II. 63: 313-315. 19 Mr. 
1926. 

Severin, H.H.P. Tomato yellows or tomato curly top. Phyto- 
pathology 18: 708-709. Au 1928. 

Severin, H. H. P., & Swezy, O. Filtration experiments on 
curly top of sugar beets. Phytopathology 18: 681-690. 
pl. 144+ f.1, 2. Au 1928. 

Sharpe, L. Abnormal embryos of oats and wheat. Jour. Elisha 
Mitchell Sci. Soc. 44: 90-94. pil. 3-6. S 1928. : 
Shimek, B. Systematic botany. Proc. lowa Acad. Sci. 33: 

137-143. 1926. 

Sinnott, E. W. Botany, principles and problems. i—xi, 1-385. 
f. 1-240. New York, McGraw-Hill Book Co., 1923. 

Skutch, A. F. Origin of endodermis in ferns. Bot. Gaz. 86: 
113-114. 15 S 1928. 

Small, J. K. Botanical fields, historic and prehistoric. Jour. 
N. Y. Bot. Gard. 29: 149-179. f. 1-6. Jl 1928; 185-209. 
f.7-11. Au 1928; 223-235. f. 12. S 1928. 

Snell, W. H., Hutchinson, W. G., & Newton, K.H.N. Tem- 
perature and moisture relations of Fomes roseus and 
Trametes subrosea. Mycologia 20: 276-291. pl. 34+ f. 1, 2. 
1S 1928. 

Standley, P.C. New plants from Central America—XI; Jour. 
Washington Acad. Sci. 18: 160-172. 19 Mr 1928;—XII. 
178-186. 4 Ap 1928-—XIII. 273-282. 19 My 1928. 

Standley, P. C. Plants of Glacier National Park. 1-110. 
pl. 1-5+f. 1-150. Washington, D. C., 25 Ja 1927. 

St. John, H. Revision of the genus Crocidium. Torreya 28: 
73-77. Au 1928. 


Crocidium pugetense n. sp. is described. 

Taylor, H. J. Mrs. The history and distribution of yellow 
Nelumbo, water chinquapin, or American lotus. Proc. 
Iowa Acad. Sci. 34: 119-124. 1927. 

Taylor, W. R. Observations on Amoebidium parasiticum 
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Cienkowski. Jour. Elisha Mitchell Sci. Soc. 44: 126-132. 
pl.7. S 1928. 

Tehon, L. R., & Stout, G. L. An ascomycetous leaf spot of 
cowpea. Phytopathology 18: 701-703. f. 7. Au 1928. 


’ , 
Leptosphaerulina Vignae n.sp. 


Tuttle, A. H. The location of the reduction divisions in a 
Charophyte. Univ. Calif. Publ. Bot. 13: 227-234. pl. 22, 23. 
10 D 1926. 

Uphof, J. T. Purpurbakterien in Gesellschaft von Flechten. 
Biol. Zentralb. 46: 492-503. f. 1-5. Au 1926. 

Van der Laan, W. C., & Legg, W. D. Florida plants. A series 
of lists for reference. II. Shrubs. Landscape Arch. 17: 
40-46. O 1926; III. Vines, cycads, palms, ferns, grasses 
etc. Landscape Arch. 18: 305-309. Jl 1928. 

Waring, J. J. Report of the Hay Fever Research Committee 
of the State Historical and Natural History Society of 
Colorado. 1-75. f. 1-25. Denver, 1926. 

Weatherby, C. A. A variety of Hypericum canadense. Rho- 
dora 30: 188-190. f. 7. S 1928. 

Weatherwax, P. Comparative morphology of the oriental 
Maydeae. Indiana Univ. Stud. 73: 3-18. D 1926. 

Weber, G. F. Owen F. Burger. Phytopathology 18: 627-630. 
portrait. Au 1928. 

Wesley, O.C. Asexual reproduction in Coleochaete. Bot. Gaz. 
86: 1-31. pl. 1, 2+f. 18-75. 15S 1928. 

White, D. Algal deposits of Unkar Proterozoic age in the 
Grand Canyon, Arizona. Proc. Nat. Acad. Sci. 14: 597 
600. Jl 1928. 

Wiegand, K. M. Aster lateriflorus and some of its relatives. 
Rhodora 30: 161-179. S 1928. 


Includes A. ontarionis sp. nov. and several new varieties. 


Wieland, G. R. Certain fossil plants erroneously referred to 
Cycadeoids. Bot. Gaz. 86: 32-49. f. 1-14. 15 S 1928. 

Wilson, E. H. Robinias—a neglected group of plants. House 
& Garden 54: 106-107, 186, 188. ailust. S 1928. 

Winkler, H. Musaceae. Pflanzenareale 1: 19-20. maps 11, 12. 
1927. 


Wright, M. O. Flowers and ferns in their haunts. i-xix, 1- 
358. iallust. New York, Macmillan Co., 1928. 





——————_—_ 











INDEX TO VOLUME 55 


New names and the final members of new combinations are in bold face type. 


Abronia glabrifolia 76 119, 130-132; alpinus Brunetianus 
Acacia 491 125, 131; alpinus giganteus 131; 
Acanthambrosia 185, 187, 189, 191; altus 161; andinus 130; Blakei 125, 
Bryantii 184 128, 131; cobrensis 162; Cottoni 
Acer negundo 109; rubrum 150 121; elegans 128, 130; eucosmus 
Achillea Millefolium 205, 208, 209, 126, 129; flexuosus 130; Forwoodii 
211 122; frigidus 131; Funstoni 127; 
Aesculus Hippocastanum 150 giganteus 131; glabriusculus 120; 
Agaricus melleus 513 glabriusculus major 122; Gormani 
Ailanthus 375 132; guatemalensis Lozani 161; 
Alchemilla 508 guatemalensis oaxacanus 160; Hal 
Ambrosia 187, 189, 190, 195; aptera lii 130; Harringtonii 127, 128; 
184; artemisiifolia 205, 208, 209, Hartwegii 163, 164; Jesupi 125, 
211; bidentata 184; cumanensis 128, 131; labradoricus 124, 125, 
184; elatior 184; peruviana 184; 126, 128, 131; leptocarpus 157, 
psilostachya 184, 185, 197; tenui- 158; linifolius 75; Macounii 125, 
folia 184; trifida 184 128, 131; occidentalis 125, 126, 131; 
Ambrosiaceae, Pollen grains in the olympicus 122; oroboides 128, 132; 
| identification and classification of Painteri 156; platytropus 130; Pue- 
plants—I. The 181 blae 164; Purpusi 164; rafaelensis 
| American Botanical Literature, Index 75; recurvus 162; reptans 159, 160; 
| to 77, 133, 171, 214, 256, 319, 421 Robbinsii 125, 129, 131; Robbinsii 
Anaphalis margaritacea 205, 208, 211 borealis 125; Robbinsii Jesupi 125; 
Anemone 447 Robbinsii occidentalis 126, 128; 
Angiosperms, The phylogeny of the Rosei 163; Rusbyi 157, 162, 163; 
479 Rusbyi longissimus 162; Seatoni 
Antennaria Brainerdii 101; neodioica 164; secundus 125, 131; spatiosus 
204, 208, 211; plantaginifolia 204, 122; stenophyllus 122; straturen- 
208, 211 sis 162; strigulosus 130, 156-160, 
Anthemis Cotula 205, 208, 211; nobi 163; strigulosus brevidentatus 156, 
lis 193, 194, 197 162; strigulosus gracilis 159, 160, 
Antholithes ranaliformis 442, 446 161: tolucanus 156; vaginatus 121; 
Arctium minus 205, 208, 211 Williamsii 132 
Artemisia 183, 190, 191, 197 Atelophragma aborignum 119-122; al- 
AsHE, W. W., Notes on southeastern piniforme 128, 129; alpinum 129 
woody plants 463 131; altum 156, 161; Blakei 124, 
Aspergillus niger 281 125; bracteatum 126, 161; Bran- 
Asplenium calopteris 444; nigrum 307 degei 128, 129; cobrense 156, 162; 
Aster 210, 435-437, 439; cordifolius Collieri 124, 127; Cottoni 120, 121; 
204, 208, 211; divaricatus 204, 207, elegans 126, 128, 129; Fernaldi 124, 
208, 211; ericoides 204, 208, 211; 126; Forwoodii 120, 122, 123; gla- 
laevis 204, 208, 211; lateriflorus briusculum 120, 122, 123; guate- 
204, 208, 211; Lowrieanus 204, 208, malense 155, 159, 161; Harring- 
211; macrophyllus 204, 208, 211; tonii 124, 126; Harshbergeri Her- 
novae-angliae 204, 208, 211; pani riotii 120, 123; hidalgense 155, 159; 
culatus 204, 208, 211; prenanthoides jaliscense 155, 157; Jesupi 124, 
204, 208, 211; puniceus 204, 208, labradoricum 130, 131: lineare 120, 
211; sagittifolius 204, 208, 211; 123; longissimum 156, 162; Lozani 
umbellatus 204, 208, 211; undula 156, 158, 161; Macounii 124, 126, 
tus 204, 208, 211 128; oaxacanum 155, 160; occiden- 
j Astragalus aboriginum 120, aborigi- tale 128, 130; oroboides 119, 132; 
num fastigiosum 122, 123; alpinus Painerti 155, 156; potosinum 156, 
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160, 161; Pueblae 163; 164, Purpusi | 


164; reptans 155, 159; Richard- 
sonii 121; Robbinsii 124, 128; 
Rosei 156, 163; Rusbyi 156, 162; 
Seatoni 164; Shearii 128, 130; stra- 
turense 156, 162; strigulosum 155, 


157-161, 163; tioides toluccanum | 
155, 156; Townsendii 156, 163; | 


wallowense 120, 122: Williamsii 
132; zacatecanum 155, 157 

Atelophragma, Notes on Fabaceae 
X, 119; -XI, 155 

Atlantic coastal plain-XV, Contri- 
butions to the Mesozoic flora of 
the 441 

Aucuba 308, 309 

BALDWIN, Henry I. A comparison 


of the available moisture in sod and | 


open soil by the soil-point method 
251 

Bamboo, A study of the grand period 
of growth in 327 

Bambusa 334; arundinacea 331; bac- 
cifera 331; Balcoa 331; gigantea 
331, 332; macroculmis 332, 366; 
spinosa 334, 335; Tulda 332; ver- 
ticillata 332; vulgaris 332, 333, 335, 
362, 366, 371, 374; vulgaris vittata 
332, 366 

Barnadesia 449, 454-456, 458-462; 
berberoides 451, 462; divaricata 
452, 461; glomerata 451; hirsuta 
451; inermis 451-453, 461, 462; 
macrocephala 451; odorata 451; 
polyacantha 451; rosea 451; spin- 
osa 451, 455; Trianae 450, 451, 457, 
462; venosa 450, 451, 462 

Barnadesia, Pollen grains in the iden- 


Brainerd, Ezra (1844-1924) (por- 
trait) 91 

Brassica oleracea 223, 545 

Bromus inermis 380 

Brousonettia 375 

Bryophyllum 328; calycinum 311 

Burgess (1855-1928) (portrait), Ed- 
ward Sandford 433 

BusH, BENJAMIN FRANKLIN. Quer- 
cus neo-Ashei 247 

Callistemon 491 


| Callisteris violacea Greene 69 
CAMPBELL, DouGLAs HOUGHTON. 


The phylogeny of the Angiosperms 
479 

Canada, A revision of the Plantago 
patagonica group of the United 
States and 406 


| Canna 491 


tification and_ classification of | 


plants—II. 449 

Begonia semperflorens 311 

Berlandiera lyrata 192 

Berry, EpwarD W. Contributions 
to the Mesozoic flora of the Atlan- 
tic coastal plain—XV 441 

Bidens 210; cernua 205, 208, 211; 
comosa 205, 208, 211; connata 192; 
frondosa 205, 208, 211; laevis 192; 
vulgata 192, 205, 208, 211 

BOLENBAUGH, ALTA. Microsporo- 
genesis in Tropaeolum majus with 
special reference to the cleavage 
process in tetrad formation 105 

Bolivia, New species of Peperomia 
from 169 

Botanical Literature, Index to Amer- 
ican 77, 133, 171, 214, 256, 319, 
421, 467, 554 

Botrytis cinerea 329 


Cannabis 376 

Capparis proeocenica 442 

Carduus nutans 205, 208, 211 

Carex 93, 95; Brainerdii 96 

Carya alba 250; arkansana 248; 
Buckleyi 248; leiodermis 465; leio- 
dermis callicoma 465 

Casuarina 487 

Caltha 447; palustris 12 

Celastrophyllum Ripleyanum 442 

Celtis Lindheimeri 248; reticulata 248 

Centurea Jacea 205, 208, 210, 211; 
maculosa 205, 208, 211 

Cercis Texana 248 

Cestrum nocturnum 366 

Chaetomium 516, 519, 523 

Chamissomenia 462 

Chara 14; coronata 17, 39; delicatula 
20, 39 

Characeae, Nuclear and cell division 
in the antheridial filaments of the 
11 


| Chorisiva 189, 190, 193, 194, 198; 


nevadensis 184, 185, 196, 197 


| Chrysanthemum Leucanthemum 205, 





208, 209, 211 

Chuquiraga 461, 462; ferox 452, 453, 
460; floribunda 452, 453, 459, 462; 
glabra 453; leptacantha 452, 453; 
vagans 453; varians 453 

Cichorium Intybus 205, 208, 211 

Cirsium arvense 205, 208, 211; lance- 
olatum 205, 208, 210, 211; muti- 
cum 205, 208, 211 

Cobaea scandens 106 

Coleus Blumei 311 

Colorado, New plants from 75 

Comparison of the available moisture 
in sod and open soil by the soil- 
point method, A 251 
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Conocephalum 9; conicum 7 

Contributions to the Mesozoic flora 
of the Atlantic coastal plain—XV 
441 

Convolvulus lupuliformis 499; sepium 
499, 500, 508 

Coprinus stercorarius 513 

Coreopsis major 192; tinctoria 192 

Corsinia 3 

Corydalis cava 12; pumila 12 

Cosmos 374; bipinnatus 192 

Costus Mooreana 165 

Crataegus aestivalis Dormonae 464; 
Crus-galli 98; Pringlei 98 

Cremanium rubens 118; trinitatis 118 

Crepis 105, 110 

Crocus 508 

Crossostephium artemisioides 191 

Ctenophyllum linifolium 75 

Cucurbita 107; maxima 105; 
371 

Cuscuta Epithymum 499, 500, 508; 
Gronovii 499, 500, 508; lupulifor- 
mis 499 

Cyclachaena 189, 190, 197; ambro- 
siaefolia 184, 185, 186, 197; lobata 
184; pedicellata 184; xanthifolia 
184, 186 

Cystium 130 

Cytological study of Ipomoea trifida, 
A morphological and 499 

Dahlia pinnata 192 

Dayton, WILLIAM A. A new Gilia 
from the Montezuma National 
Forest 73; Callisteris violacea 
Greene 69 

Dendrocalamus 333, 334, 361, 366, 
367, 369, 371; giganteus 333-335, 
359, 360, 367 

Diapensia 94 

Dichogamy in flowering plants 141 

Dicorea 186, 189, 190, 197; Brandegei 
184; canescens 184 

Dictamnus albus 21 

Didymosorus comptoniifolius 444 

Diodia 508 

Dioon 12 

Dryopteris 312; normalis 312, 314 


Pepo 


Edward Sandford Burgess (1885 
1928) (portrait) 483 
EGGLESTON, WILLARD W. Ezra 


Brainerd (1844-1924) (portrait) 91 
EISENMENGER, WALTER S. Toxicity, 
additive effects, and antagonism of 
salt solutions as indicated by 
growth of wheat roots 261 
Ephedra 488 
Epilobium hirsutum 306 
Equisetum 265 


INDEX TO VOLUME 55 





65 


un 


Erechtites 210; hieracifolia 205, 208, 
211 

Erigeron annuus 204, 208, 211; cana- 
densis 204, 208, 211; philadelphi- 
cus 204, 208, 211; ramosus 204, 
208, 211 

Erysiphe 514; graminis 41, 44, 47, 65 

Erythrinolepis 448 

Eucalyptus 491 

Euonymus 308 

Eupatorium maculatum 
211; urticaefolium 204, 

Euphorbia Lathyris 12 

Euphrosyne 186, 189, 190, 197; par- 
thenifolia 184 

Ezra Brainerd (1844-1924) (portrait) 


204, 208, 
208, 211 


Fabaceae—X, Atelophragma, Notes 
on 119; —XI. 155 

FARR, CLIFFORD H. Studies on the 
growth of root hairs in solutions— 
VII. Further investigations on 
collards in calcium hydroxide 223; 

VIII. Structural and intracell 

ular features of collards in calcium 
nitrate 529 

Ficus 483 

Flotovia 453 

Franseria 185, 189, 195; acanthicarpa 
184; albicaulis 184; bipinnatifida 
184; deltoidea 184, 187; dumosa 
184; ilicifolia 184, 187; tenuifolia 
184, 187 

Fritillaria 14; imperialis 11, 21 

Fucus 13 

Fuligo 13 

Fumago 513 

Further investigations on collards in 
calcium hydroxide, Studies on the 
growth of root hairs in solutions 
VII. 223 

Galinsoga parviflora 192 

Gigantochloa 334; aspera 334; levis 
335 

Gilia aggregata 70, 71; pulchella 71; 
violacea 71 

Gilia from the Montezuma National 
Forest, A new 73 

Gladiolus 508 

Gieason, H. A. Miconia minuti- 
flora and allied species 117 

Gleichenia 444, 445; delicatula 442, 
443 

Glomerella cingulata 268 

Glossocentrum collinum 117 

Gnaphalium decurrens 205, 208, 211; 
uliginosum 205, 207, 208, 211 

Gnetum 492 
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( rifiithsia 1 3 

Grindelia squarrosa 204, 208, 211 

Guardiola angustifolia 192: platy 
phylla 192 

Gunnera 491 

Hamamelis virginiana 105 

Hamosa 158 

Haplostephium Passerina 458 

Hern, ILLo. Studies on morphogene 
sis in fungous mycelia 513 

Helianthus 376, 380; annuus 192, 194 
195, 197: divaricatus 205, 208, 211 
strumosus 192, 205, 208, 211 

Hemerocallis 508 

Hemizonia citroidora 192; scabrella 
192 

Hicoria leiodermis callicoma 465; 
leiodermis mollisima 465; mollis 
sima 465 

Hieracium aurantiacum 205, 208, 211 

Hordeum vulgare 371 

Howe, MARSHALL AVERY. Edward 
Sandford Burgess (1855-1928) ( por 
trait) 433 

Hydrocharis 546 

Hydrodictyon 13 

Hymenoclea 187, 189, 191; fascicu 
lata 184; monogyra 184: Salsola 
184 

Hypericum calycinum 501 

Impatiens sultani 311 

Index to American botanical litera 
ture 77, 133, 171, 214, 256, 319 
421, 467, 554 

Inula Helenium 205, 208, 211 

Ipomoea purpurea 499; trifida 499 
510; trifida Torreyana 500 

Ipomoea trifida, A morphological and 
cytological study of 499 

Isoetes 494 

Iva 183, 185, 186, 189-191, 197; an 
gustifolia 184; axillaris 184, 197; 
cheiranthifolia 184; ciliata 184; 
frutescens 184; Hayesiana 184; 
oraria 184 

Juglans cinera 145; regia 145 

Juniperus monosperma 248 

KARLING, JOHN S. Nuclear and cell 
division 1n the antheridial filaments 
of the Characeae 11 

KENYAN, FRANCES MARION GREENE, 
A morphological and cytological 
study of Ipomea trifida 499 

Lactuca 106; canadensis 205, 208, 
211; scariola integrata 205, 208, 
211; spicata 205, 208, 211 

Leuciva 189, 190, 197; dealbata 184 

Lilium 142, 491; giganteum 494 

Limnobium 546 


Long time experiments with plants 
in closed containers 305 

Lupinus albus 265 

Lychnophora rosmarinifolia 458; uni 
flora 458 

Lythrum Salicaria 306, 307 

Madia sativa 192 

Magnolia 105, 483, 495: acuminata 
ludoviciana 464; acuminata ozark- 
ensis 464; virginiana parva 464 

Marsilia 12 

McALLISTER, FREDERICK. Sex ratio 
and chromosomes in Riccia Cur- 
tisi 1 

Medicago 508 

Megalospora affinis 513 

Melampodium aureum 192; cam- 
phoratum 192 

Melastoma minutiflora 117 

Melilotus alba 107, 111 

Mentha 244 

Mesembryanthemum 491 

Mesozoic flora of the Atlantic coastal 
plain—XV, Contributions to the 
$21 

Me trosideros 49] 

Miconia borealis 117, 118; glosso- 
centra 117; micrantha 117; myri 
antha 117, 118; trinitatis 118 

Miconia minutiflora and allied species 
117 

Microsporogenesis in Tropaeolum 
majus with special reference to 
the cleavage process in tetrad for- 
mation 105 

Mimosa 311. 313: pudica 311, 312, 
314 

Mimusops balata Schomburghii 447; 
Collinsi 442, 447; duplicata 447; 
praenuntia 447 

Monilia fimicola 519 

Montezuma National Forest, A new 
Gilia from the 73 

Moriconia americana 445; cyclo- 
toxon 44? $45 

Morphogenesis in fungous mycelia, 
Studies on 513 

Morphological and cytological study 
of Ipomoea trifida, A 499 

Mulfordia 165; Boliviana 166, 167 

Mulfordia, A new genus of the Zingi 
beraceae 165 

Muscites 443; Lesquereuxi 442 

Mutisia campanulata 455; viciaefolia 
454, 462 

Mycelia, Studies on morphogenesis in 
fungous mycelia 513 

Mycogone 519 








192! 








1928] INDEX TO 
Myrica ornata 442; 
Wadii minor 442 
National Forest, A new Gilia from the 
Montezuma 73 

Nectandra prolifica 442 

New genus of the Zingiberazceae 
Mulfordia, A 165 

New Gilia from the Montezuma Na 
tional Forest, A 73 

New plants from Colorado 75 

New species of Peperomia from Bo 
livia 169 

Nicotiana 
314 

Nitella 14; flexilis 19, 38, 39 

Notes on Fabaceae xX 
ma 119;—X] 

Notes on Scrophulariaceae of 
northwestern United States 31 

Notes on southeastern woody plants 
463 

Nuclear and cell division in the anthe 
ridial filaments of the Characeae 11 

Oenothera 108 

Opuntia 306 

OsTERHOUT, GEORGE E 
from Colarodo 75 

Oxalis stricta 311 

Oxymitra 3 

Oxytenia 186, 187, 190, 193, 194, 197, 
198, acerosa 184, 185 

Pacourina edulis 457 

Pandanus 491, 492, 495 

Parnassia 105 


442; 


lorreya 


106, 313; 311 


Tabacum 


\telophrag 
155 


the 
5 


New plants 


Parthenice 183, 193, 195. 196: mollis 
192, 194, 198 
Parthenium 183, 193-196, 198; his 


pidum 192; Hysterophorus 192; in 
canum 192; integrifolium 192; 
tomentosum 192 

Pedicularis 317; ornithorhynchos 317; 
rainierensis 317 

Penicillium 518 

PENNELL, FRANciIs W. Notes on 
Scrophulariaceae of the northwest 
ern United States 315 

Peperomia 491; aceramarcana 169; 
nequejahuirana 169; okarana 1/70; 
pitiguayana 169; ticunhuayana 170 

Peperomia from Bolivia, New species 
of 169 

Phaca alpina 130, 131; elegans 
frigida 132; glabriusculum 
quinqueflora 164; Robbinsii 1 

Pharbitis purpurea 500 

Phaseolus multiflourus 327, 
garis 106, 508 

Phyllites hydrocharitoides 446 
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371; 
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Phyllostachys 
bambusoides 
mitis 332, 


367; 

> 361; 

60, 364, 366, 
367, 373; nigra 327-401; quad- 
rangularis 327-405; violascens 357; 
viridi-glaucescens 332, 366, 367 

Phylogeny of the Angiosperms, The 
479 

Picea canadensis 329; glauca 252 

Plantago 417, 419; argyrea 414; aris- 
tata 408-411, 413; aristata Nuttal- 
lii 409, 410; brunnea 418, 419; Cali- 
fornica 417, 418; curta 412; dura 
417, 418; erecta 417, 418; fasti- 
giata 419; filiformis 409, 410; 
gnaphalioides 412; gnaphalioides 
aristata 409; Gooddingii 406, 419; 


aurea 3 
=< 2 
3 


2, 366, 
335 7 


360, 


222 
333, 


Helleri 408, 414-416; Hookeriana 
415, 416; Hookeriana californica 
408, 417; Hookeriana nuda 408, 


416; Hookeriana typica 408, 415; 
ignota 411, 412; inflexa 415, 416; 
insularis 418; insularis fastigiata 
409, 419, 420; insularis scariosa 419; 
insularis typica 409, 418; Lagopus 
412; lanatifolia 415; minima 406, 
419, 420; Nuttallii 409; oblonga 411, 
412; obversa 417; patagonica 406, 
407; patagonica aristata 406, 409; 
patagonica californica 417; pata- 
gonica gnaphalioides 406, 412; pat- 
agonica lanatifolia 406, 415; pata- 
gonica nuda 406, 416, 417; pata- 
gonica spinulosa 406, 411; picta 
412, 414; Purshii 407, 412, 414, 
416; Purshii argyrea 408, 414; Pur- 
shii typica 408, 411-415; scariosa 
419, 420; speciosa 417, 418; spinu- 
losa 410-412, 414; spinulosa ob- 


longa 408, 411, 413; spinulosa 
typica 408, 410, 411; squarrosa 
409; tetrantha 417, 418; verti- 


cillata 411; Wrightiana 416; xero- 
dea 412, 414 

Plantago patagonica group of the 
United States and Canada, A revi- 
sion of the 406 

Plants, Dichogamy in flowering 141 

Plants from Colorado, New 75 


Plants in closed containers, Long 
time experiments with 305 

Plants, Notes on southeastern woody 
463 

Plants—I. The Ambrosiaceae, Pollen 
grains in the identification and 


classification of 181 
*latycodon grandiflorum 142, 144 
Podophyllum 108 
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Pog, lone. A revision of the Plan- 
tago patagonica group of the 
United States and Canada 406 

Polemonium caeruleum 95 

Pollen grains in the identification 
and classification of plants—I. The 
Ambrosiaceae 181; —II Barnadesia 
449 

Polygonum Bistorta 12; 
306, 307 

Polymnia canadensis 192; Uvedalia 
192 

Polystichum Braunii 94 

Polytrichum commune 252 

Populus 483 

PORTERFIELD, WILLARD M., Jr. A 


Persicaria 


in bamboo 327 

Potamogeton 493; filiformis 446; fol- 
iosus 446; hydrocharitoides 442, 
446; pectinatus 446; trichoides 446 

Potentilla 501 

Preissia commutata 433, 439; quad- 
rata 434 

Prenanthes 210; alba 205, 208, 211; 
altissima 205, 208, 211; trifoliolata 
205, 208, 211 

Puccinia glumarum 41 

Pyronema 514 

Quamoclidion cordifolium 75 

Quercus annulata 248; Ashei 247; 
imbricaria 250; Laceyi 248; mari- 
landica 247—250; marilandica Ashei 
247, 248, 250; minima 465; Mohr- 


| Scrophularia 315; 


iana 248; neo-Ashei 247, 248, 250; | 


pygmea 465; stellata 250; velutina | 


250; virginiana 248; virginiana 
dentata 465; virginiana pygmea 
465 

Ranunculus 447, 495 

Raphaelia minuta 442, 443; neurop- 
teroides 442, 443 

Relation to the distribution of certain 


Compositae to the hydrogen-ion | 


concentration of the soil 199 

Revision of the Plantago patagonica 
group of the United States and 
Canada, A 406 


Rhus aromatica 466; illinoiensis 465, 


466; illinoiensis formosa 466; trilo- 
bata 466 

Riccardia 9; pinguis 7 

Riccia crystallina 9; fluitans 9; Fros- 
tii 9; glauca 9; lutescens 9; syn- 
spora 1 

Riccia Curtisii, Sex ratio and chro- 
mosomes in 1 

Romulea 508 

Rosa 501 
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Rubus 102, 501 

Rudbeckia hirta 192, 205, 208, 211; 
laciniata 192, 205, 208, 211 

Ruppia 446 

Russy, H.H. Mulfordia, a new genus 
of the Zingiberaceae 165 

RYDBERG, PER AXEL. Notes on Faba- 
ceae—X. Atelophragma 119; —XI. 
155 

Salix, 491; purpurea 148; viminalis 148 

Salt solutions as indicated by growth 
of wheat roots, Toxicity, additive 
effects, and antagonism of 261 

Salvia 374; svlvestris 76 


| Sarracenia 106 
| Scenedesmus quadricauda 308 
study of the grand period of growth | 


Schlectendalia 453, 459-461; luzulae- 
folia 462 

Schmaltzia formosa 465; illinoensis 
465; serotina 465 

Sclerotinia Libertiana 518 

Scolymus hispanicus 456, 462 

californica 315, 
316; lanceolata 316, 317; leporella 
316; occidentalis 317; oregana 316 

Scrophulariaceae of the northwestern 
United States, Notes on 315 

Selaginella 12, 313, 443; Emiliana 
312; laciniata 442 

Seneceo aureus 205, 208, 
axacoides nudatus 76; 
205, 208, 211 

Sex ratio and chromosomes in Riccia 
Curtisisi 1 

Silphium albiflorum 192; ovatifolium 
192; perfoliatum 192 

Soaresia velutina 458 

Soil by the soil-point method, A 
Comparison of the available mois- 
ture in sod and open 251 


211; tar- 
vulgaris 


| Soil, Relation of the distribution ot 


certain Compositae to the hydro 
gen-ion concentration of the 199 

Solidago altissima 204, 208, 211; ar- 
guta 204, 208, 211; bicolor 204, 208, 
211; caesia 204, 208, 211; canaden- 
sis Hargeri 204, 208, 211; gramini- 
folia 204, 208, 211; juncea 204, 
208, 211; latifolia 204, 208, 211; 
nemoralis 204, 208, 211; patula 
204, 208, 211; rugosa 204, 208, 211; 
serotina 204, 208, 211; uniligulata 
204, 208, 211 

Sonchus asper 205, 208, 211 

Sordaria 517, 519-521; fimiseda 516, 
518 

Sparganium 492, 493 

Spathyema foetida 144 
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Sphaerocarpos californicus 1, 2; cris- | 


tatus 1; Donnellii 1, 2, 6; terrestris 
1, 2; texanus 2, 7 

Sphaerotheca 514 

Spilanthes americana 192; 
bunga 192 

Spiracantha cornuifolia 459 

Spirogyra 264, 268, 281 

Stilpnopappus ferrugineus 458 

Stokesia 453, 457; laevis 462 

Stout, A. B. Dichogamy in flowering 
plants 141 

Structural and intracellular features 
of collards in calcium nitrate, 
Studies on the growth of root hairs 
in solutions—VIII. 

Studies on morphogenesis in fungous 
mvcelia 513 

Studies on the growth of root hairs in 


Becca- 


Tropaeolum 244 

Tropaeolum majus with special refer- 
ence to the cleavage process in 
tetrad formation, Microsporogene- 
sis in 105 

Tulipastrum acuminatum ludovicia- 
num 464; acuminatum ozarkense 
464 

TURNER, J. ARTHUR. Relation of the 
distribution of certain Compositae 
to the hydrogen-ion concentration 
of the soil 199 


| Tussilago Farfara 205, 208, 210, 211 


solutions—VII. Further investiga- | 


tions on collards in calcium hydrox- 
ide 223;—VIII. Structural and 
intracellular features of collards in 
calcium nitrate 529 

Study of Ipomoea trifida, A mor- 
phological and cytological 499 

Study of the grand period of growth 
in bamboo, A 327 

Susceptbility of wheat to mildew as 
influenced by salt nutrition 41 

Tanacetum vulgare 205, 208, 210, 211 

Taraxacum 210; officinale 205, 208, 
211 

Thalictrum 491 

Thallocarpus Curtisii 1 

Thuja occidentalis 312 

Tilia creno-serrata acuminata 465 

Tium 119, 131, 158 

Torenia asiatica 508, 509 

Townsendia diversa 75; strigosa 76 

Toxicity, additive effects, and antag- 
onism of salt solutions as indicated 
by growth of wheat roots 261 

Tradescantia 244 

Tragopogon 110; pratensis 456 

TRELEASE, HELEN M. See TRELEASE, 
SaM F. 

TRELEASE, SAM F., and HELEN M. 
TRELEASE. Susceptibility of wheat 
mildew as influenced by salt nutri- 
tion 41 

TRELEASE, WILLIAM. New species 
of Peperomia from Bolivia 169 

Trianea 546 

Trichia 13 

Trillium 494 

Triticum vulgare 371 

Trollius 447 


Wheat 


Typha 165 

United States and Canada, A revision 
of the Plantago patagonica group 
of the 406 

United States, Notes on Scrophulari- 
aceae of the northwestern 315 

Urtica pilulifera 12 

Vaillantia 508 

Vaucheria 13, 21, 26, 32; repens 22; 
terrestris 22; uncinata 22, 24; 
jucunda 459; stellaris 457; Wrightii 
457 

Viburnum bracteatum 464; molle 
463, 464; ozarkense 463 

Vicia Faba 105 

Vinca 311; rosea alba 311 

Viola 99, 102 

WALLACE, RAYMOND H. Long time 
experiments with plants in closed 
containers 305 

roots, Toxicity, additive 
effects, and antagonism of salt 
solutions as indicated by growth 
of 261 

Wheat to mildew as influenced by 
salt Nutrition, Susceptibility of 41 

Wielandiella 481, 490 

Williansoniella 481 

WopenousgE, R. P. Pollen grains in 
the identification and classification 
of plants—I. The Ambrosiaceae 
181;—II. Barnadesia 449 

Woodwardia orientalis 312 

Xanthium 183, 185, 187, 189, 195, 
197; ambrosiaefolium 197; brevi- 
rostre 184; canadense 184; cathar- 
ticum 197; chinense 184; globosum 
184; pennsylvanicum 184, 197; 
speciosum 184; spinosum 184, 187, 
197 

Zannichellia 446 


| Zea Mays 371 


| Zingiberaceae, 


Mulfordia, 
genus of the 165 
Zizyphus Ripleyensis 442 


A new 
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